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Zimbabwe. Contact Professor L. F. Levy, 5 Montagu Ave, Harare, Zimbabwe. 

“Diagnosis and Treatment of Headaches in Adults and Children,’’ The Cleveland (Ohio) Clinic 
Foundation. Contact The Cleveland Clinic Educational Foundation, Department of Continuing Ed- 
ucation, 9500 Euclid Ave, TT31, Cleveland, OH 44195-5241: WQ 62-8172 (Ohio), 800-762-8173 
(outside Ohio). 

“Blood Vessel Imaging Using Ultrasound Techniques,” Dolphin Hotel, Southampton, England. 
Contact Mr K. N. Humphries, Blood Vessel Imaging Course, 10 Swale Dr, Chandlers Ford, Hamp- 
shire SO5 3QY, United Kingdom. 

“Update on Neuromuscular Disease: A Multidisciplinary Appré&ch,’’ The Cleveland (Ohio) Clinic 
Foundation. Contact The Cleveland Clinic Educational Foundation, Department of Continuing Ed- 
ucation, 9500 Euclid Ave, TT31, Cleveland, OH 44195-5241: 800-762-8172 (Ohio), 800-762-8173 
(outside Ohio). 

Meeting of The Society of Neurological Surgeons, Ann Arbor, Mich. Contact James |. Ausman, MD, 
2799 W Grand Bivd, Detroit, MI 48202; (313) 876-1340. 

The 18th Annual Hans Berger Clinical Neurophysiology Symposium, Richmond, Va. Contact Hans 
Berger Day Symposium, Attention Ms Streeter, Department of Neurology, Medical College of Vir- 
ginia, PO Box 453, Richmond, VA 23298; (804) 786-0840. 

“Excitatory Amino Acids 1990,” Padova, Italy. Contact Fidia Research Foundation, 3247 Q St NW, 
Suite 200, Washington, DC 20007. 

Second Annual Meeting of the South East European Society for Neurology and Psychiatry and the 
American Society of Neuroimaging, Venice, Italy. Contact Linda J. Wilkerson, American Society of 
Neuroimaging, 2221 University Avenue SE, Suite 340, Minneapolis, MN 55414; (612) 378-7240. 
Miami Children’s Hospital 11th Annual Child Neurology Postgraduate Course, Sonesta Beach Ho- 
tel, Key Biscayne, Fla. Contact Oscar Papazian, MD, Miami Children’s Hospital, Department of 
Neurology, 3200 SW 60th Ct, Miami, FL 33155; (305) 662-8330. 

Neurological and Neuropsychological Complications of Human Immunodeficiency Virus Infection, 
Monterey, Calif. Contact Dr Robert M. Levy, Cochairman, Depgrtment of Surgery (Neurosurgery) 
and Physiology, Northwestern University Medical School, Wesley Pavilion 928, 250 Superior St, 
Chicago, IL 60611; (312) 908-0708. 

Eighth International Symposium on Brain Edema, Bern, Switzerland. Contact H. J. Reulen, MD, De- 
partment of Neurosurgery, University of Bern, Inselspital, CH-3010 Bern, Switzerland. 

‘Epilepsy Surgery,” sponsored by The Cleveland (Ohio) Clinic Foundation. Contact Department of 
Continuing Education, 9500 Euclid Ave, Room TT-31, Cleveland, OH 44195-5241; 800-762-8172 
(Ohio), 800-762-8173 (outside Ohio). ë 

Second International Cleveland (Ohio) Clinic Epilepsy Symposium, ‘‘Epilepsy Surgery,” Cleveland. 
Contact The Cleveland Clinic Educational Foundation, 9500 Euclid Ave, Room TT-31, Cleveland, 
OH 44195-5241; (216) 444-5696, 800-762-8172 (Ohio), 800-762-8173 (outside Ohio). 

The Third International Symposium on the Rehabilitation of Brain-Injured Patients, Disneyland Ho- 
tel, Anaheim, Calif. Contact Mary Ann Keenan, MD, The Adult Brain Injury Service, Rancho Los 
Amigos Medical Center, 7601 E Imperial Hwy, Downey, CA 90242. 

“Excitatory Amino Acid Receptors in the Brain: Functions and Disorders,” a symposium, Montreal 
(Canada) Neurological Institute. Contact Ms T. Maglietta, Coordinator, Excitatory Amino Acids 
Symposium, Montreal Neurological Institute, Room 710, 3801 University St, Montreal, Quebec, 
Canada H3A 2B4; (514) 398-1955. r 

Twenty-fifth Canadian Congress of Neurological Sciences, Banff Springs Hotel, Banff, Canada. 
Contact Permanent Secretariat, Canadian Congress of Neurological Sciences, 116C, 133015th 
Ave SW, Calgary, Alberta, Canada T3C 3N6; (403) 229-9544. 

The Fifth Annual Meeting of the American Academy of Clinical Neurophysiology, Westin Hotel, Bos- 
ton, Mass. Contact Marlene Richard Fairbanks, Clinical Neurophysiology Laboratory, Massachu- 
setts General Hospital, Boston, MA 02114. 

Design and Management of Clinical Trials, The Johns Hopkins Medical Institutions, Baltimore, Md. 
Contact Program Coordinator, The Johns Hopkins Medical Institutions, Office of Continuing Edu- 
cation, Turner Building, 720 Rutland Ave, Baltimore, MD 21205; (301) 955-2959. 

First Bristol-Meyers Squibb Symposium on Pain, Towsley Center, Ann Arbor, Mich. Contact Gayle 
Fox, Program Assistant, Office of Continuing Medical Education, G-1100 Towsley Center-Box 
0201, University of Michigan Medical School, Ann Arbor, MI 48 109-0201; (313) 763-1400. 

The Second International Conference on Alzheimer’s Disease and Related Disorders, Westin Har- 
bour Castle, Toronto, Canada. Contact Dr Al Snider, Conference Organizer, Institute for Basic Re- 
search, 1050 Forest Hill Rd, Staten Island, NY 10314; (718) 494-5299. 
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Transderm Scop 

is the better choice 
for motion sickness 
prevention 


e more effective than 25 mg meclizine 
and Dramamine”? 


< better compliance because transdermal 
delivery is more convenient 


Transderm Scop 


scopolamine 
programmed delivery 
0.5 mg over 72 hrs 


Transderm Scōp should not be used in children. Use with 
special care in the elderly and in patients taking 

drugs (including alcohol) capable of causing f 

CNS effects. Dryness of the mouth occurs 

in about two thirds of people. Please 
see Prescribing Information on L 
next page before 
prescribing. oe 
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Transderm Scop* 


scopolamine 
(formerly Transderm-V) 


Transdermal Therapeutic System 


8 
Programmed delivery in vivo of 0.5 mg of 
scopolamine over 3 days 


BRIEF SUMMARY (FOR FULL PRESCPABING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
Transderm Sc6p is indicated for prevention of nausea and 
vomiting associated with motion sickness in adults. The disc 
should be applied only to skin in the postauricular area. 
Clinical Results: Transdermt@pprovides antiemetic pro- 
tection within several hours following application of the disc 
behind the ear. In 195 adult subjects of different racial origins 
who participated in clinical efficacy studies at sea or ina 
controlled motion environment, there was a 75% reduction in 
the incidence of motion-induced nausea and vomiting. 
Transderm Scdp provided significantly greater protection than 
that obtained with oral dimenhydrinate. 


CONTRAINDICATIONS 

Transderm Scdp should not be used in patients with known 
hypersensitivity to scopolamine or any of the components of 
the adhesive matrix making up the therapeutic system, or in 
patients with glaucoma. 


WARNINGS 
Transderm Scép should not be used in children and should be 
used with special caution in the elderly. See PRECAUTIONS. 
Since drowsiness, disorientation, and confusion may occur 
with the use of scopolamine, patients should be warned of the 
possibility and cautioned against engaging in activities that 
require mental alertness, such as driving a motor vehicle or 
operating dangerous machinery. 
Potentially alarming idiosyncratic reactions may occur with 
ordinary therapeutic doses of scopolamine. 


PRECAUTIONS 

General 

Scopolamine should be used with caution in patients with 
pyloric obstruction, or urinary bladder neck obstruction. 
Caution should be exercised when administering an antiemetic 
or antimuscarinic drug to patients suspected of having 
intestinal obstruction. 

Transderm Scōp should be used with special caution in the 
elderly or in individuals with impaired metabolic, liver, or kidney 
functions, because of the increased likelihood of CNS effects. 
Information for Patients 
Since scopolamine can cause temporary dilation of the pupils 
and blurred vision if it comes in contact with the eyes, patients 
should be strongly advised to wash their hands thoroughly with 
soap and water immediately after handling the disc. 

Patients should be advised to remove the disc immediately 
and contact a physician in the unlikely event that they experi- 
ence symptoms of acute narrow-angle glaucoma (pain in and 
reddening of the eyes accompanied by dilated pupils). 

Patients should be warned against driving a motor vehicle or 
operating dangerous machinery. A patient brochure is available. 
Drug Interactions 
Scopolamine should be used with care in patients taking 
drugs, including alcohol, capable of causing CNS effects. Spe- 
cial attention should be given to drugs having anticholinergic 
properties, e.g., belladonna alkaloids, antihistamines (including 
meciizine), and antidepressants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term studies in animals have been performed to 
evaluate carcinogenic potential. Fertility studies were per- 
formed in female rats and revealed no evidence of gnpaired 
fertility or harm to the fetus due to scopolamine hydrobromide 
administered by daily subcutaneous injection. In the highest- 
dose group (plasma level approximately 500 times the level 
achieved in humans using a transdermal system), reduced 
maternal body weights were observed. 

Pregnancy Category C 

Teratogenic studies were performed in pregnant rats and 
rabbits with scopolamine hydrobromide administered by daily 
intravenous injection. No adverse effects were recorded in the 
rats. In the rabbits, the highest dose (plasma level approxi- 
mately 100 times the level achieved in humans using a 
transdermal system) of drug administered had a marginal 
embryotoxic effect. Transderm Scdp should be used during 
pregnancy only if the anticipated benefit justifies the potential 
risk to the fetus. 

Nursing Mothers 

It is not known whether scopolamine is excreted in human milk. 
Because many drugs are excreted in human milk, caution 
should be exercised when Transderm Scōp is administered to 
a nursing woman. 

Pediatric Use 

Children are particularly susceptible to the side effects of 
belladonna alkaloids. Transderm Scdp should not be used in 
children because it is not known whether this system will 
release an amount of scopolamine that could produce serious 
adverse effects in children. 


ADVERSE REACTIONS 

The most frequent adverse reaction to Transderm Scop is 
dryness of the mouth. This occurs in about two thirds of the 
people. A less frequent adverse reaction is drowsiness, which 
occurs in less than one sixth of the people. Transient impairment 
of eye accommodation, including blurred vision and dilation of 
the pupils, is also observed. 

The following adverse reactions have also been reported on 
infrequent occasions during the use of Transderm Scdp: 
disorientation; memory disturbances; dizziness; restlessness; 
hallucinations; confusion; difficulty urinating; rashes and 
erythema; acute narrow-angle glaucoma; and dry, itchy, or red 
eyes. 

Drug Withdrawal: Symptoms including dizziness, nausea, 
vomiting, headache and disturbances of equilibrium have been 
reported in a few patients following discontinuation of the use 
of the Transderm Scdp system. These symptoms have 
occurred most often in patients who have used the systems for 
more than three days. 


OVERDOSAGE 

Overdosage with scopolamine may cause disorientation, 
memory disturbances, dizziness, restlessness, hallucinations, 
or confusion. Should these symptoms occur, the Transderm 
Scdp disc should be immediately removed. Appropriate 
parasympathomimetic therapy should be initiated if these 
symptoms are severe. 


DOSAGE AND ADMINISTRATION 

Initiation of Therapy: One Transderm Scdp disc (programmed 
to deliver 0.5 mg of scopolamine over 3 days) should be 
applied to the hairless area behind one ear at least 4 hours 
before the antiemetic effect is required. Only one disc should 
be worn at any time. 

Handling: After the disc is applied on dry skin behind the 
ear, the hands should be washed thoroughly with soap and 
water and dried. Upon removal of the disc, it should be 
discarded, and the hands and application site washed thor- 
oughly with soap and water and dried, to prevent any traces of 
scopolamine from coming into direct contact with the eyes. (A 
patient brochure is available.) 

Continuation of Therapy: Should the disc become displaced, 
it should be discarded, and a fresh one placed on the hairless 
area behind the other ear. If therapy is required for longer than 
3 days, the first disc should be discarded, and a fresh one 
placed on the hairless area behind the other ear. 


The system should be stored between 59°-86°F (15°-30°C). 


CAUTION 
Federal law prohibits dispensing without prescription. 


Dist. by: 

CIBA Consumer Pharmaceuticals 

Div. of CIBA-GEIGY Corp. e 
Summit, NJ 07901 


C88-5 (Rev. 2/88) 


C IBA 


References: 

1. Dahl E: Clin Pharmacol Ther 1984;36:116-120. A study 
of mild motion sickness in a laboratory setting in which 
Transderm Scõp® demonstrated a significantly gr@&ter 
reduction in the incidence of nausea and vomiting than 25 
mg meclizine (P = 0.01) and placebo (P = 0.003). 

2. Price N et al: Clin Ther 1979;2:258-262. Studies at sea 
that demonstrated a 75% mean reduction in the incidence 
of nausea and vomiting associated with motion sickness 
with Transderm Scop, compared to 50% with Dramamine® 
(P>0.05). 
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Vanderbilt University 
Medical Center 
Department of Neurology 
and the 

° Division of Continuing 
œ Medical Education 
present*the 
Thirteenth Annual Symposium 
Contemporary Clinical Neurology 
July 16-20, 1990 
Palmetto Dunes Resort, Centercourt 
Conference Center 
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v Your key to minimizing lasting damage from spinal 
cord compression — quick and accurate diagnosis. 


v Your guide to diagnosis — this practical 
and scholarly text. 


SPINAL CORD_ 


COMPRESSION: 


Diagnosis and Principles of Management 








Spinal cord compression whether from TABLE OF CONTENTS 


neoplastic or nonneoplastic disease is a 1. Anatomy of the Spine 

common clinical problem. Often this ee ® Clinical Pathophysiology of Spinal 

condition produces signs and symptoms that Signs and Symptoms 

mimic other disorders. Prompt and correct 3. Clinical Approach to Pain Arising from 

diagnosis is critically important, for if the Spine 

undiagnosed and untreated, this disorder 4. Nonneoplastic Causes of Spinal Cord 

frequently progresses to permanent Compression 

paraparesis and sphincter disturbances. 5. Neoplastic Causes of Spinal Cord 
Now you can have the advantage of Compression: Epidural Tumors 

a comprehensive yet practical guide to the 6. Neoplastic Causes of Spinal Cord 

many forms of non-traumatic spinal cord Compression: Intradural- Extramedullary 

compression, their differential diagnosis, and Intramedullary Tumors 

and principles of management. The text 7. Neoplastic Causes of Spinal Cord 

demonstrates the use of patient history, Compression: Leptomeningeal 

physical examination, and up-to-date Metastases 

imaging techniques to discover the causes 8. Noncompressive Myelopathies i 

of pain and disability and determine Simulating Spinal Cord Compression 

appropriate therapy. By Thomas N. Byrne, MD, Associate 


Following a review of the relevant anatomy Clinical Professor of Neurology, Yale 
of the spine and the clinical pathophysiology University School of Medicine, Assistant 
of spinal cord compression, the book Chief of Neurology, Yale-New Haven 
presents a full chapter on pain and its Hospital, Co-Director, Neuro-Oncology 
evaluation. Subsequent chapters review both Unit, Yale Comprehensive Cancer Center, 
nonneoplastic and neoplastic causes of spinal New Haven, Connecticut; 


cord compression. The final chapter covers and Stephen G. Waxman, MD, PhD, 


noncompressive forms of myelopathy that Professor and Chairman, Department of 
should be part of the differential diagnosis. Neurology, Yale University School of 
With its strong emphasis on the Medicine; Neurologist-in-Chief, Yale-New 
development of diagnostic skills and its Haven Hospital, New Haven, Director, 
clear, coherent approach, Spinal Cord PVA-EPVA Center for Neuroscience 
Compression is an invaluable addition to Research, West Haven VA Medical Center, 


your professional library. Order your copy today. West Haven, Connecticut. 


Number 33 in the Contemporary Neurology Series. 
About 320 pp. Illustd. Ready May 1990. About $55.00 
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ALSO OF INTEREST... 


Alcohol and Seizures: Basic 


Mechanisms and Clinical Concepts 
Both current understanding of the fundamental 
biochemical changes responsible for alcohol-related 
seizures as well as the full range of clinical aspects 
regarding the problem are presented in this compre- 
hensive book. 
Edited by Roger J. Porter, MD, Deputy Director, National 
Institute of Neurological Disorders and Stroke, National 
Institutes of Health, U.S. Public Health Service, Bethesda, 
Maryland; Richard H. Mattson, MD, Professor of 
Neurology, Yale University School of Medicine, New Haven, 
Connecticut; Veterans Administration Medical Center, 
West Haven, Connecticut; Joyce A. Cramer, BS, Project 
Director, Epilepsy Research, Department of Veterans Affairs 
Medical Center, West Haven, Connecticut; and Ivan 
Diamond, MD, PhD, Professor of Neurology, University 
of California, San Francisco, California. 
About 400 pp. Illustd. Ready May 1990. About $45.00. 


Clinical Neurophysiology of the 
Vestibular System, 2nd Edition 


The second edition of this well-received text is 
at least 50% larger than its predecessor, with 
most of the additional pages devoted to clinical 
diagnosis and treatment of a wide range of common 
neurologic disorders. 
By Robert W. Baloh, MD, Professor, Department of Neuro- 
logy and Division of Head and Neck Surgery, (Otolaryn- 
gology), UCLA School of Medicine, Los Angeles, California; 
and Vicente Honrubia, MD, Professor, Director of 
Research, Division of Head and Neck Surgery (Otolaryn- 
gology), UCLA %hool of Medicine, Los Angeles, California. 
301 pp. 113 ill. 1990. $65.00. 
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| MIDAS REX™ Institute 
(* ) HANDS-ON WORKSHOPS* 


LOS ANGELES/ANAHEIM 


625 West Katella, Unit 22, Orange, California 
“Modern Dissection Techniques of Bone, Blometals, Bloceramics, and Bloplastics” 


WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a series of structured 
exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, and biometals. e 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and OTOLARYNGOLOG ICAL 
SURGEONS (Neuro 700)—dissection skills for bonework of the head and spine, including attention to ° ° 
bioplastics and biometals as applicable. 


OR PERSONNEE~(OFP 700)—dissection skills to become familiar with the applications of power _ : 
instrumentation; and participation in problem solving, care and proper maintenance of power equipment. 2 SE 
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ENROLLMENT: Fee (US$): Surgeon $965.00; 
Fellow/Resident $585.00 (with letter from Department Head); 
All Operating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to: "Los Angeles Symposium.” Mail to: 
Midas Rex Institute, 2929 Race Street, Fort Worth, TX 76111. 
Phone: 800-433-7639 or 817-831-2604. 


“Enrollment is limited. Please call to reserve space 
before sending check or arranging travel plans. All 
emollments are made through the Midas Rex office in 
Fort Worth. 


Join the more than 8,000 enrollees who have 
completed Midas Rex Hands-On Workshops. 
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August 22-23-24, 1990 





‘Bos to tL Massachusetts 


Massachusetts General Hospital and MIDAS REX" Institute 
Department of Neurosurgery present 


“Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics”’ 


SYMPOSIA/HANDS-ON WORKSHOPS 
For NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and 
OTOLARYNGOLOGICAL SURGEONS (Neuro 700) 
For OPERATING ROOM PERSONNEL (ORP 700) 


Course Directors: Robert G. Ojemann, M.D.; Susan Mitchell, Ed.D.; James Dukelow, Ph.D. 
SYMPOSIUM FORMAT 


r 
WORKSHOPS: The MIDAS REX Hands-On Workshops CREDIT; C.M.E. Credit Available 
will be held each day from 7:30 a.m. to 1:30 p.m. T 


workshop will emphasize a series of structured exercises The Sheraton Boston Hotel & Towers, 39 Dalton Street, 
utilizing appropriate animal bones, skeletal bones, bioplast- Prudential Center, Boston, MA 02199. Phone: 617-236- 
ics, and biometals. 2000. 


puro. Lye dissection skills for seid ot the eae ENROLLMENT: Fee (US$): Surgeon $965.00; Fel- 
nium and spine, including attention to bioplastics an low/Resident $585.00 (with letter from Department Head); 
biometals siete Se apes tidal ioe a All Operating Room Personnel (RN/CST/PA/Other) 

issection skills to become familiar with the $950.00, Make check to "Boston Symposium." Mail to: 


applications of Ebie sie epson micah ofand Midas Rex Institute, 2929 Race Street, Fort Worth, TX 
articipation in problem solving, care, and proper mainte- . 200.4332. 224. 
lanio GE power equibinent 76111. Phone: 800-433-7639 or 817-831-2604. 
Enrollment is limited. Please call to reserve space before sending check or arranging travel plans. 
ll enrollments are made through the Midas Rex ae in Fort Worth. 
Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 
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When your Parkinsons 
disease patient experiences 
symptom breakthrough 
on a levodopa/carbidopa 
regimen, its 









(bromoarpine mesylate) 


BETTER TOMORROWS START TODAY 


See next page for brief summary of product information. 


A SANDOZPHARMACEUTICALS 


Corporation, E. Hanover, NJ 07936 (201) 503-7500 


When Parkinson’s 


break through it’s time 


PARLODEL® 


SnapTabs™ (bromocriptine mesylate) TABLETS, USP 
(bromocriptine mesylate) CAPSULES 


INDICATIONS AND USAGE 

Parkinson's Disease 

Parlodel® (bromocriptine mesylate) SnapTabs™ or capsules are indicated in the 
treatment of the signs and symptoms of idiopathic or postencephalitic Parkinson’s 
disease. As adjunctive treatment to levodopa (alone or with a peripheral decar- 
boxylase inhibitor), Parlodel® ( bromocriptine mesylate) therapy may provide addi- 
tional therapeutic benefits in those patients who are currently maintained on optimal 
dosages of levodopa, those who are beginning to deteriorate (develop tolerance) to 
levodopa therapy, and those who are experiencing “end of dose failure” on levodopa 
therapy. Parlodel® (bromocriptine mesylate) therapy may permit a reduction of the 
maintenance dose of levodopa and, thus, may ameliorate the occurrence and/or 
severity of adverse reactions associated with long-term levodopa therapy such as ab- 
norfhal involuntary movements (e.g., dyskinesias) and the marked swings in motor 
function (“on-off phenomenon). Continued efficacy of Parlodel® (bromocriptine 
mesylate) therapy during treatment of more than two years has not been established. 


Data are insufficient to evaluate potential benefit from treating newly diagnosed 
Parkinson's disease with Parlodel® (bromocriptine mesylate ). Studies have shown, 
however, significantly more adverse reactions ( notably nausea, hallucinations, con- 
fusion and hypotension) in Parlodeél® ( bromocriptine mesylate) treated patients than 
in levodopa/carbidopa treated patients. Patients unresponsive to levodopa are poor 
candidates for Parlodel® (bromocriptine mesylate) therapy. 


CONTRAINDICATIONS 
Uncontrolled hypertension, toxemia of pregnancy, sensitivity to any ergot alkaloids. 


WARNINGS 

Since hyperprolactinemia with amenorrhea/galactorrhea and infertility has been 
found in patients with pituitary tumors a complete evaluation of the pituitary is indi- 
cated before treatment with Parlodel® ( bromocriptine mesylate). 


If pregnancy occurs during Parlodel?® ( bromocriptine mesylate) administration, 
careful observation of these patients is mandatory. Prolactin-secreting adenomas may 
expand and compression of the optic or other cranial nerves may occur, emergency 
pituitary surgery becoming necessary. In most cases, the compression resolves 
following delivery. Reinitiation of Parlodel® ( bromocriptine mesylate) treatment has 
been reported to produce improvement in the visual fields of patients inwhom 
nerve compression has occurred during pregnancy. The safety of Parlodel® (bromo- 
criptine mesylate) treatment during pregnancy to the mother and fetus has not been 
established. 


Symptomatic hypotension can occur in patients treated with Parlodel® ( bromocrip- 
tine mesylate) for any indication. 


Long-term treatment (6-36 months) with Parlodel® ( bromocriptine mesylate) in 
doses ranging from 20-100 mg/day has been associated with pulmonary infiltrates, 
pleural effusion and thickening of the pleurg in a few patients. In those instances in 
which Parlodel® (bromocriptine mesylate) treatment was terminated, the changes 
slowly reverted towards normal. 


PRECAUTIONS 

General 

Safety and efficacy of Parlodel® (bromocriptine mesylate) have not been established 
in patients with renal or hepatic disease. Care should be exercised when administer- 
ing Parlodel® (bromocriptine mesylate) therapy concomitantly with other medica- 
tions known to lower blood pressure. 


Parkinson’s Disease 
Safety during long-term use for more than two years at the doses required for parkin- 
sonism has not been established. 


As with any chronic therapy, periodic evaluation of hepatic, hematopoietic, cardiovas- 
cular, and renal function is recommended. Symptomatic hypotension can occur and, 
therefore, caution should be exercised when treating patients receiving antihyper- 
tensive drugs. 


High doses of Parlodel® (bromocriptine mesylate) may be associated with confusion 
and mental disturbances. Since parkinsonian patients may manifest mild degrees of 
dementia, caution should be used when treating such patients. 


Parlodel® (bromocriptine mesylate) administered alone or concomitantly with 
levodopa may cause hallucinations (visual or auditory). Hallucinations usually 
resolve with dosage reduction; occasionally, discontinuation of Parlodel® (bromo- 
criptine mesylate ) is required. Rarely, after high doses, hallucinations have persisted 
for several weeks following discontinuation of Parlodel® ( bromocriptine mesylate). 


As with levodopa, caution should be exercised when administering Parlodel® 
(bromocriptine mesylate) to patients with a history of myocardial infarction who 
have a residual atrial, nodal, or ventricular arrhythmia. 





(bromocnpiine mesylale) 


Retroperitoneal fibrosis has been reported in a few patients receiving long-term 
therapy (2-10 years) with Pawlege!® ( bromocriptine mesylate) in doses ranging from 
30 to 140 mg daily. 


DRUG INTERACTIONS 

Lack or decrease in efficacy may occur in patients receiving Parlodel® (bromocrip- 
tine mesylate) when they are treated concurrently with drugs which have dopamine 
antagonist activity e.g. phenothiazines, butyrophenones. This may be a problem par- 
ticularly for patients treated with Parlodel® (bromocriptine mesylate) for macro- 
adenomas. Although there is no conclusive evidence demonstrating interactions be- 
tween Parlodel® (bromocriptine mesylate) and other ergot derivatives, the concomi- 
tant use of these medications is not recommended, 


ADVERSE REACTIONS 

Parkinson’s Disease 

In clinical trials in which bromocriptine was administered with concomitant reduc- 
tion in the dose of levodopa/carbidopa, the most common newly appearing adverse 
reactions were: nausea, abnormal involuntary movements, hallucinations, confu- 
sion, “on-off” phenomenon, dizziness, drowsiness, faintness/fainting, vomiting, as- 
thenia, abdominal discomfort, visual disturbance, ataxia, insomnia, depression, 
hypotension, shortness of breath, constipation, and vertigo. 


Less common adverse reactions which may be encountered include: anorexia, anxi- 
ety, blepharospasm, dry mouth, dysphagia, edema of the feet and ankles, erythro- 
melalgia, epileptiform seizure, fatigue, headache, lethargy, mottling of skin, nasal 
stuffiness, nervousness, nightmares, paresthesia, skin rash, urinary frequency, uri- 
nary incontinence, urinary retention, and rarely, signs and symptoms of ergotism 
such as tingling of fingers, cold feet, numbness, muscle cramps of feet and legs or 
exacerbation of Raynaud's Syndrome. 


Abnormalities in ph iad kes may include elevations in blood urea nitrogen, 
SGOT, SGPT, GGPT, CPK, alkaline phosphatase and uric acid, which are usually tran- 
sient and not of clinical significance. 


DOSAGE AND ADMINISTR&TION 

General 

It is recommended that Parlodel® (bromocriptine mesylate ) be taken with food. Pa- 
tients should be evaluated frequently during dose escalation to determine the lowest 
dosage that produces a therapeutic response. 


Parkinson's Disease 

The basic principle of Parlodel® (bromocriptine mesylate) therapy is to initiate treat- 
ment ata low dosage and, on an individual basis, increase the dai ly dosage slowly 
until amaximum therapeutic response is achieved. The dosage of levodopa during 
this introductory period should be maintained, if possible. The initial dose of 
Parlodel® (bromocriptine mesylate) is ¥2 of a 21⁄2 mg SnapTab™ twice daily with 
meals. Assessments are advised at two week intervals during dosage titration to en- 
sure that the lowest dosage producing an optimal therapeutic response is not ex- 
ceeded. If necessary, the dosage may be increased every 14 to 28 days by 212 mg per 
day with meals. Should it be advisable to reduce the dosage of levodopa because of 
adverse reactions, the daily dosage of Parlodel® (bromocriptine mesylate), if in- 
creased, should be accomplished gradually in small (2'% mg) increments. 


The safety of Parlodel® (bromocriptine mesylate) has not been demonstrated in dos- 
ages exceeding 100 mg per day. 


HOW SUPPLIED 

SnapTabs™ , 342 mg 

Round, white, scored SnapTabs™, each containing 2⁄2 mg bromocriptine (as the 
mesylate) in packages of 30 (NDC 0078-0017-15) and 100 (NDC 0078-0017-05). 
Embossed “PARLODEL 212” on one side and scored on reverse side. 


Capsules, 5 mg 

Caramel and white capsules, each containing 5 mg bromocriptine (as the mesylate) 
in packages of 30 (NDC 0078-0102-15) and 100 (NDC 0078-0102-05). Imprinted 
“PARLODEL 5 mg” on one half and “&” on other half. 
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Adverse reactions reported with PARLODEL® (bromocriptine mesylate) are 
similar to those of levodopa; however, significantly more nausea, hallucina- 
tions, confusion and hypotension have been reported in patients treated with 
PARLODEL therapy. Many of these side effects can be ameliorated with dosage 
adjustments. 
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Letters to the editor 
typewritten glouble-spaced on plain bond 
prepared on a word processor, do not justify the 
signed by alg authors must accompany this (see 


Orthostatic Tremor: The 
Phenomenon of ‘Paradoxical 
Clonus’ 


To the Editor.—Orthostatic tremor 


or balance, nor was he aware of family 
members experiencing this or any 
other type of movement disorder. The 
characteristic pattern of intermittent 
contractions developed whenever his 


has been defined by Heilman’ in thé? ® ankle was dorsiflexed. These contrac- 


ARCHIVES in 1984 as prominent rhyth- 
mic muscle contractions of the legs 
and trunk occurring primarily while 
standing. While its distinctive phe- 
nomenology has been shown to be 
specific to maintaining a standing 
posture, its physiological picture 
among the reported cases has been 
sufficiently variable so as to suggest 
that more than one clinical entity 
could meet this description. Several 
tremor frequency ranges have been 
found for orthostatic tremor,’ and its 
muscle contraction pattern in agonist- 
antagonist groups has varied from 
synchronous to alternating.™ Some 
authors have considered orthostatic 
tremor to be no more than a variant of 
essential tremor’ while others have 
emphasized unique characteristics 
that distinguish it from other tremor 
types.2* Possibly, the lack of unifor- 
mity in physiological studies from case 
to case indicates that different mecha- 
nisms might account for similar clini- 
cal phenomenology. As the entity of 
orthostatic tremor is new to the move- 
ment disorder literature, it probably 
deserves to be regarded, at this time, 
as a syndrome in search of a patho- 
physiological identity (or identities). 
In this light, diagnostic considerations 
of orthostatic tremor might benefit 
from experience that has been gained 
from another condition manifesting 
tremorous movements on standing. 
In 1978, I reported the unique occur- 
rence of a patient experiencing prom- 
inent sustained jerking of ankle dorsi- 
flexors when standing.® These regular 
rhythmic contractions had the appear- 
ance of clonus, although they evolved 
only during passive shortening of the 
involved muscle groups rather than 
during stretching of the muscles. The 
subject, a 71-year-old man, stated that, 
for many years, he had been experi- 
encing a mild rocking movement on 
standing. He had no problems of gait 
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tions were present to a mild degree 
while standing upright and would in- 
tensify when he leaned forward. Re- 


+ cordings of surface electromyogram 


revealed regular, continuing 5- to 6-Hz 
bursts of electromyographic activity 
that appeared only over the anterior 
tibial and peroneal surfaces. During 
voluntary contraction, a normal inter- 
ference pattern was seen over these 
muscles. At other sites in the leg, the 
surface electromyogram was also nor- 
mal. These rhythmic bursts could not 
be recorded when the ankle was al- 
lowed to rest in its neutral position. 
The amplitudes of electromyographic 
bursts were enhanced with increasing 
passive dorsiflexion of the ankle. No 
co-contractions occurred in other 
lower extremity muscles, nor was 
there any evidence for tremor, rigidity, 
dystonia, or decreased dexterity. The 
patient’s neurological examination 
lacked features of tremor, parkinson- 
ism, or other types of motor impair- 
ments. In particular, his muscle 
stretch reflexes had normal character- 
istics, and there was no stretch-in- 
duced clonus at the ankles. He did not 
undergo medication trials or further 
testing. 

This unusual condition was desig- 
nated paradoxical clonus,’ with refer- 
ence to Westphal’s terminology for a 
related phenomenon, the paradoxical 
muscle Yreaction.”* Now termed the 
shortening reaction, this reflex activity 
of muscle has been explained as a ten- 
dency for passively slackened muscle 
to develop sustained contraction main- 
taining the induced position.’ Though 
a normal physiological response, the 
shortening reaction is exaggerated in 
parkinsonism and in dystonia.'*" 
Since the shortening reaction can be 
abolished by interrupting connections 
to the spinal cord,’®'' it is not an 
intrinsic property of muscle. The 
shortening reaction is subject to su- 


should be submitted as an original and two duplicates. They should be 

paper; they will be subject to editing. If they are 

right margin. A eopyright transmittaldetter 
“Instructions for Authors”). 


praspinal influences, such as cortico- 
spinal lesions or treatment of parkin- 
sonism with levodopa.'* Despite the 
influences of extrapyramidal disorders 
on it, the shortening reaction has not 
been shown to be the basis for rigidity 
or dystonic posturing, nor is it exag- 
gerated in essential tremor, focal dys- 
tonias, tic disorders, or cerebellar dys- 
function (personal observations). 
Apart from the case reported, 
rhythmic or intermittent contractions 
have not been described as a feature of 
the shortening reaction. Nevertheless, 
instances of “orthostatic tremor” or, 
indeed, any posture-induced muscle 
contractions (whether sustained or 
jerking) warrant evaluation as to 
whether they might share similar phe- 
nomenology with the entity of ‘para- 


doxical clonus.’ 
Peter A. LEWITT, MD 
Sinai Hospital of Detroit 
6767 W Outer Dr 
Detroit, MI 48235 
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In Reply.—For years when I wrote ar- 
ticles or chapters, I was frequently 
criticized for having these over-refer- 
enced. I was, therefore, proud that the 
“Orthostatie tremor...” article that 
was published in the ARCHIVES had no 
references. Unfortunately, this may 
have been an oversight. Perhaps I 
should have referenced Dr LaWitt’s 
interesting observations on “paradox- 
ical” clonus. Fortunately, the disorder 
that I described is quite different from 
that described by Dr LaWitt, and I 
believe that clinicians should have 
no difficulty distinguishing between 
orthostatic tremor and paradoxical 
clonus. However, it is important for 
clinicians to note, as suggested by Dr 
LaWitt’s note, that while not all sus- 
tained movements while standing can 
be attributed to either orthostatic 
tremor or paradoxical clonus, it is im- 
portant that the physician distinguish 


between the two. 

KENNETH M. HEILMAN, MD 

Department of Neurology 

The University of Florida 
College of Medicine 

Box J-236 

J. Hillis Miller Health Center 

Gainesville, FL 32610 


Delirium in Shakespeare 


To the Editor—No account of 
Shakespearean neurology is complete 
without reference to his observations 
of delirium.' In The Life and Death of 
King John, the description of narrow- 
ing of the attentional field and devel- 
opment of delusional ideas following 
the poisoning of the King serves to re- 
mind us of the importance of drugs as 
a cause of this syndrome: 


O, vanity of sickness! Fieree ex- 
tremes in their continuance will 
not feel themselves. 

Death, having preyed upon the 
outward parts, Leaves them invin- 
cible, and his seige is now 
Against the mind; the which he 
pricks and wounds 

With many legions of strange fan- 
tasies, Which in their throng and 
press to that last hold 

Confound themselves.” 


Another, more detailed account of de- 
lirium by Shakespeare is given in the 
death of Falstaff in Henry V: 


A parted ev’n just between twelve 
and one, ev’n at the turning o’th’ 
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tide—for after I saw him fumble 
with the sheets, and play with 
flowers, and smile upon his finger 
ends, I knew there was but one 
way; for his nose was as sharp as 
a pen, and ’a babbled of green 
fields... A bade me lay more 
clothes on his feet. I put my hand 
into the bed and felt them, and 
they were as cold as any stone.’ 


Falstaff’s delirium appears to have 
been relatively quiet, as is often the 
case in the elderly. Nevertheless, the 
observant Hostess Quickly noticed 
carphology, possible Lilliputian hallu- 
cinations, disordered content of 
thought, dehydration, and shutdown 


A Stroke Associated With 
Cocaine Use 


To the Editor.—We read with interest 
the article by Klonoff et al,’ in the 
September 1989 issue of the AECHIVES, 
and wonder whether they or other 
workers have observed delayed strokes 
in former cocaine users. The fcllowing 
case is pertinent. ® ° 


S 

Report of a Case.—A 20-year-old man 
was admitted to the hospital with an acute 
headache, ataxia, and right-sided weakness 
of abrupt onset. There was a posifive fam- 
ily history for migraine, but the patient did 
not have a history of migraine. There had 
been a history of drug use, including co- 
caine, but the patient denied any drug use 


of the peripheral circulation. If there ig® ef" the past 6 months, and denied intrave- 


a lesson here for modern clinicians, it 
is that the friends and relatives of a 
delirious patient are often a source of 
valuable information, and should be 


consulted. 
JAMES LINDESAY, MA, MRCPsycu 
National Unit for Psychiatric 
Research and Development 
Lewisham Hospital 
Lewisham High Street 
London SE13 6LH, 
England 
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2. Shakespeare W. The Life and Death of King 
John; Act V; scene 7; lines 13-20. 

3. Shakespeare W. Henry V. Act II; scene 3; 
lines 12-17, 21-23. 


New-Onset Stultiloquence 


To the Editor.—There was a time, back 
when America had its own century, 
when “fitting” was an activity of be- 
spoken tailors and “seizing” was some- 
thing that happened to the Sudeten- 
land. Verbalization has irretrievably 
confounded these words, but there 
may still be a chance to quash the ep- 
ileptic agglutination, “new-onset sei- 
zures.” 

The phrase “new onset” was in use 
as early as 1535, according to the 
Oxford English Dictionary—“onset” 
referring to assaulting or attacking an 
enemy. “New-onset” seizures, then, 
properly refers to ictal combat rather 
than the “beginning-starting” of epi- 
lepsy. For those who insist on orna- 
menting “onset,” “the recent onset of 
seizures” avoids the taint of tautology. 

If “new-onset” is not stopped at the 
seizure threshold, the exact same 
thing will soon overtake headaches 


and strokes. 
JAMES R. KEANE, MD 
Department of Neurology 
Los Angeles County/University of 
Southern California Medical Center 
1200 N State St 
Los Angeles, CA 90033 


nous use at any time. There was ne history 
of hypertension, cardiac disease, diabetes, 
or clotting abnormalities. A computed to- 
mographic scan showed a low-density area 
in the right cerebellar hemisphere consis- 
tent with a nonhemorrhagic stroke; an an- 
giogram (of all four vessels) showed occlu- 
sion of the marginal branch of the right su- 
perior cerebellar artery, without evidence 
of atheromatous disease or of other vascu- 
lar abnormality. A hemogram, prothrom- 
bin time, and partial thromboplascin time 
were normal. The sedimentation rate was 4 
mm/h. Results of a laboratory screen con- 
firmed a normal glucose level, chclesterol 
127, and normal electrolyte concentrations. 
Antithrombin III, protein S, and protein C 
levels were normal, and anticardioHpin an- 
tibody test results were negative. Results of 
a drug screen were negative for cocaine and 
amphetamines. The electrocardiogram and 
echocardiogram were normal. 


Comment.—Although the patient’s 
history concerning recent drig use 
may have been unreliable, we vere in- 
clined to believe his testimory (and 
that of his parents) on this po:nt. We 
wondered whether there might >e such 
an entity as delayed stroke following 
cocaine abuse, not obviously attribut- 
able to active vasculitis or embolic 
events. We note that other authors? 
have been willing to ascribe headache 
delayed as much as 6 months after 
cessation of drug abuse to this cause. 
We would be interested to know 
whether there are other examples of 
unexplained, delayed stroke in young 
persons with a history of coceine or 


other substance abuse. 
PAUL M. DERINGER, MD 
Lewis L. HAMILTON, MD 
MARY ANNE WHELAN, PHD, MD 
Section of Neurology 
The Mary Imogene Bassett Hospital 
1 Atwell Rd 
Cooperstown, NY 13326 


1. Klonoff DC, Andrews BT, Ohana WC. Stroke 
associated with cocaine use. Arch Neurol. 1989; 
46:989-993. 

2. Baker C, Dillarow E. A headache pezuliar to 
cocaine withdrawal: preliminary observations. 
Headache. 1989;46:313. 
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MIDAS REX™ Institute 

2929 Race Street ¢ Fort Worth, Texas 76111 
800-433-7639 © 817-831-2604 

JUNE - DECEMBER 1990 


CONFERENCE OBJECTIVES 


I. Surgeons will explore current @oncepts in boneworking through lec- 
tures, conferences, and clinical procedures on video. 
D 


OR personnel wäl participate in the same activities. 


II. Surgeons will participate in hands-on workshops with advanced 
pneumatic instrumentation so their boneworking problems will be 
refined, expedited, and facilitated. 


OR personnel will participate in hands-on workshops as well as give 
particular attention to equipment care and maintenance, so that 
when OR personnel have completed the course, they will have im- 


proved, cempetence in OR support. 


Surgeons who have completed the symposium should be able to ap- 
ply immediately their amplified skills in the operating room to do 
their bonework per se in the time delineated:t 


III. 


















CRANIUM}: Osteoplastic tex 
tomy, 45-60 sec. * Osteoplas ig 
poral flap, 1 min. * Burr_hole, 


tion © Mandibular osteotomy * Mandibular reduction Ħ Facial fractures ° 

<~ Suture holes. 

ORL}: Mastoideeter: : 1-4 
$ X 


Ls 


1 rans abyrinthine acoustic neuroma, 
n° Orbital fossa dissection. 


SPINE?: yaa 2 A of cervical fusion with 












osteophyte rehe alf * Posterolateral fusions ° 
Posterior inte í ranir one >s, 30\sec. * Osteophyte 
removals, 30 sac; ° d-removals ° Harrington rod transec- 
tion in situ, 2 iy , DOS prior atic anterior * Disc and nerve 
root problems! Unro shin, nefves Tier , down ole fusions, 1-8 min. 


+: Methyimet cry iat > — dissect, \exeise, shape ° 
-abrade in si dissec: in situ, transéct in situ, shape. 
BIOMETALS?: (Superalloys, Titaniu oys, Stainless steels) Transect 

and shape in OR, 1-6 min.; in situ, 14 min. 






BIOPLASTI¢ 
Polyethylene 






+Procedural times refer to the actual time of running the instrument. 


Surgeons will be furnished sufficient materials and advice necessary for 
any special procedure they may envision. Plastic, Craniofacial, Max- 
illofacial, and ENT problems will be explored according to the individual 

wishes Of the surgeons. 


CONFERENCE HOURS: Most conferences begin at 7:00 a.m. and end 
at 1:00 p.m., allowing for other activities in the afternoon and evening. 


CREDITS: Each of these conferences qualifies for AMA-CME credit. 


r Surgeon — US $965.00; Resident — US $585.00 (with letter from 


t head); All Operating Room Personnel (RN/CST/PA/Other) — 
US $250.00. Enroll by check and letter. All enrollments and fee payments 
are made through the Midas Rex Office in Fort Worth. 


For additional information, call or write. 
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“MODERN DISSECTION TECHNIQUES 
OF BONE, BIOMETALS, BIOCERAMICS, 


AND BIOPLASTICS” 
(NEURO 700) 


SYMPOSIA/HANDS-ON WORKSHOPS 


For Neurosurgeons, Plastic, Craniofacial, 
Maxillofacial, and Otolaryngological Surgeons 


EXTENSION SITES 


VANCOUVER, BRITISH ‘COLUMBIA, 
CANADA MAY 31-June 1-2 


CINCINNATI, OH, JUNE 20-21-22 
Cosponsored by The Department of Neurosurgery 
University of Cincinnati Medical Center, Mayfield 
Neurological Institute, The Christ and Good 

Samaritan Hospitals. 


TRAVERSE CITY, MI, JUNE 27-28-29 
Cosponsored by Henry Ford Neurological Institute 
Department of Neurological Surgery. 


HILTON HEAD ISLAND, SC, JULY 23-24-25 
Cosponsored by the Hilton Head Island Neurosur- 
gical Symposium, 1990. (Immediately precedes the 

Hilton Head Island Neurosurgical Symposium.) 


MONTEREY, CA, AUGUST 6-7-8 


BOSTON, MA, AUGUST 22-23-24 
Cosponsored by Massachusetts General Hospital 
Department of Neurosurgery. 


LOS ANGELES, CA, OCTOBER 18-19-20 
MEMPHIS, TN, DECEMBER 12-13-14 


PERMANENT SITES 


Hands-on workshops are held weekly in the permanent 
facility locations listed below. For schedules of these 
courses see permanent facility announcements else- 
where in this journal, or you may telephone to request a 
complete calendar of hands-on workshops. 


DALLAS/FORT WORTH, Home Office, 2929 
Race Street, Fort Worth, TX 
NEW YORK CITY, 115 East 6lst Street, 


Lower Level. 

THE PALM BEACHES, 529 25th Street, West 
Palm Beach, FL 

CHICAGO, 728 West Algonquin Road, Arling- 
ton Heights, IL 


LOS ANGELES/ANAHEIM, 625 West Katella, 
Unit 22, Orange, CA 
SEATTLE, 547 Industry Drive, Tukwila, WA 


Enrollment is limited. Please call to reserve space 
before sending check or arranging travel plans. All 
enrollments are made through the home office in 
Fort Worth. 


Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 
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THE FIRST.PHARMACOLOGIC AGENT 
TO IMPROVE NEUROLOGIC OUTCOME 
ASSOCIATED WITH VASOSPASM 


IN ANEURYSMAL 


SUBARACHNOID HEMORRHAGE 


(Hunt and Hess Grades I-III Patients) 


SIGNIFICANT 

4 REDUCTION IN THE 
SEVERITY OF 
DELAYED ISCHEMIC 
DEFICITS ASSOCIATED 
WITH VASOSPASM 

IN GOOD GRADE 
PATIENTS'** 


E As demonstrated in four 
double-blind, randomized clinical 
studies involving 823 evaluable 
patients 


E Treatment initiated within 
96 hours of the event 


*Two clinical trials also included patients with 


Hunt and Hess Grades IV-V.'4 


‘For the side effects please see prescribing 
Information. 


Please see references and 
Brief Summary of full prescribing 
information on next page. 


LOW INCIDENCE OF 
SIDE EFFECTS AT 
RECOMMENDED 
DOSAGE REGIMEN” 


E Decrease > blood pressure IS 
most common side effect, 
occurring in 3.8% (19/494) of 
patients. Carefully monitor 
bloed pressure during therapy — 
see Precautions section in the 
prescribing information 


® Other side effects occurring at 
a frequency of =1.0% include 
headache, nausea, and brady- 
cardia ; 

® No clinically significant effects 
on hematologic tactors, renal 

or hepatic function, or carbohy 
drate metabolism have been 
causally associated with 


NIMOTOP 


For more information 


call 1-800-642-4776. 
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HEMODYNAMIC 
EFFECTS COMPATIBLE 
WITH SURGERY” 


m Minimal decreases in arterial 
blood pressure 


e Minimal changes in heart rate 


DOSAGE 
RECOMMENDATION 


a NIMOTOP therapy should 
begin within 96 hours of the 
aneurysmal subarachnoid hem- 
orrhage regardless of angio- 
graphic evidence-of vasospasm 


E Recommended dosage regimen 
is 60 mg (two 30 mg liquid-filled 
capsules) every 4 hours for 21 
consecutive days in Hunt and 
Hess Grades I-III] patients 


e NIMOTOP can be given 
orally or can be administered 
via nasogastric tubing as 
described in the prescribing 
information 
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BRIEF SUMMARY e DOSE q4h 
NIMOTOP® (nimodipine/Miles) CAPSULES Number of Patients (%) r 
For Oral Use Nimodipine Placebo N 
INDICATIONS AND USAGE 0.35 g 30mg 60 90 120 

Nimotop® (nimodipine) is indicated for the improvement of neurological deficits due to spasm Sign/Symptom (n=82) (n=71) (n = 494) (n = 12) (n ae (n = 479) 
following subarachnoid hemorrhage from ruptured congenital intracranial aneurysms in patients who are z A 
in good neurological condition post-ictus (e.g. Hunt and Hess Grades I-III). Oral Nimotop® therapy Tachycardia e x 1 (1.4) 0 0 0 O 
should begin within 96 hours of the subarachnoid hemorrhage and continue for 21 days. Seams e v 0 5 (1.0) 1 (0.6) © 0 

uscle Pain/Cramp 0 1 (1.4) 1 (0.2) 1(0.6) 0 0 

CONTRAINDICATIONS Acne 0 l (1.4) 0 0 0 0 

None known. Depression 0 l (1.4) 0 0 0 0 
PRECAUTIONS There were no other adverse experiences reported by the patients who were given 0.35 mg/kg q4h, 


General: Blood Pressure: Nimodipine has the hemodynamic effec i expected of a calcium channel 
blocker, although they are generally not marked. In patients with » ibarachnoid hemorrhage given 
Nimotop® in clinical studies, about 5% were reported to have had low sting of the blood pressure and 
about 1% left the study because of this (not all could be attributed to nimodipine). Nevertheless, blood 
pressure should be carefully monitored during treatment with Nimotop® based on its known pharmacol- 
ogy and the known effects of calcium channel blockers. 

Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic func- 


30 mg q4h or 120 mg q4h. Adverse experiences with an incidence rate of less than 1% in the 60 mg q4h 
dose group were: hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia; anemia; palpita- 
tions; vomiting; flushing; diaphoresis; wheezing; phenytoin toxicity; lightheadedness; dizziness: rebound 


Adverse experiences with an incidence rate less than 1% in the 90 mg q4h dose group were: itching; 
gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting: diaphoresis; con- 
gestive heart failure; hyponatremia; decreasing platelet count; disseminated intravascular coagulation; 


tion. Such patients should have their blood pressure and pulse rate monitored closely and should be given deep vein thrombosis. 

a lower dose (see Dosage and Administration). As can be seen from the table, side effects that appear related to nimodipine use based on increased 
Laboratory Test Interactions: None known. incidence with higher dose or a higher rate compared to placebo control, included decreased blood 
Drug Interaction: It is possible that the cardiovascular action of other calcium channel blockers pressure, edema and headaches which are known pharmacologic actions of calcium channel blockers. It 

could be enhanced by the addition of Nimotop® must be noted, however, that SAH is frequently accompanied by alterations in consciousness which lead 
In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive compounds i ec reporting of hl experiences, Patients who received nimodipine in clinical trials for other 

taken concomitantly by patients suffering from hypertension: this phenomenon was not observed in indications reported flushing (2.1%), headache (4.1%) and fluid retention (0.3%), typical responses to 

North Aenean chiicel trak calcium channel blockers. As a calcium channel blocker, nimodipine may have the potential to exacer- 
Carcinogenesis, Mutagenesis, linmainment of Fertility: In a two-year study, higher incidences of bate heart failure in susceptible patients or to interfere with A-V conduction, but these events were not 

’ $ . € E N Y» 3 
VOSNE ag F ; observed. 
adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were observed in rats given a diet N E . K a r N 
containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day nimodipine) than in placebo o clinically significant effects on hematologic factors, renal or hepatic function or carbohydrate 


metabolism have been causally associated with oral nimodipine. Isolated cases of non-fasting elevated 


controls. The differences were not statistically si nificant; however, the higher rates were well within ; 
S £ 8 ; serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet counts (0.3%), elevated 


historical control range for these tumors in the Wistar strain. Nimodipine was found not to be carcino- 


genic in a 91-week mouse study but the high dose of 1800 ppm nimodipine-in feed (54610 774 mg/kg/day) alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.2%) have been reported rarely. 
shortened the life expectancy of the animals. Mutagenic studies, inc ine the Ames, micronucleus and OVERDOSAGE 
dominant lethal tests were negative. There have been no reports oPoverdosage from the oral administration of Nimotop®. Symptoms of 
Nimodipine did not impair the fertility and general reproductive performance of male and female overdosage would be expected to be related to cardiovascular effects such as excessive peripheral vasodila- 
Wistar rats following oral doses of up to 30 mg/kg/day when administered daily for more than 10 weeks in tion with marked systemic hypotension. Clinically significant hypotension due to Nimotop® overdosage 
the males and 3 weeks in the females prior to mating and continued to day 7 of pregnancy. This dose in a may require active cardiovascular support. Norepinephrine or dopamine may be helpful in restoring blood 
rat is about 4 times the equivalent clinical dose of 60 mg q4h in a 50 kg patient. pressure. Since Nimotop® is highly protein-bound, dialysis is not likely to be of benefit. 
Pregnancy: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect in DOSAGE AND ADMINISTRATION 
Himalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral (by gavage) Nimotop® is given orally in the form of ivory colored, soft gelatin 30 mg capsules for subarachnoid 
doses of 1 and 10 mg/kg/day administered from day 6 through day 18 of pregnancy but not at 3.0 mg/kg/day hemorrhage. i 
in one of two identical rabbit studies. In the second study an increased incidence of stunted fetuses was The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days. Oral Nimotop® 
seen at 1.0 mg/kg/day but not at higher doses. Nimodipine was embryotoxic, causing resorption and therapy should commence within 96 hours of the subarachnoid hemorrhage. 
stunted growth of fetuses, in Long Evans rats at 100 mg/kg/day administered by gavage from day 6 through If the capsule canrfot be swallowed, e.g., at the time of surgery, or if the patient is unconscious, a hole 
day 15 of pregnancy. In two other rat studies, doses of 30 mg/kg/day nimodipine administered by gavage should be made in both ends of the capsule with an 18 gauge needle, and the contents of the capsule 
from day 16 of gestation and continued until sacrifice (day 20 of Pregnancy or day 21 post partum) were extracted into a syringe. The contents should then be emptied into the patient's in situ naso-gastric tube 
associated with higher incidences of skeletal variation, stunted fetuses and stillbirths but no malforma- and washed down the tube with 30 mL of normal saline (0.9%). 
tions. There are no adequate and well controlled studies in pregnant women to directly assess the effect on Patients with hepatic failure have substantially reduced clearance and a proximately doubled Cmax- 
human fetuses. Nimodipine should be used during pregnancy only if the potential benefit justifies the Dosage should be reduced to 30 mg every 4 hours, with close monitoring of bleed pressure and heart rate 


potential risk to the fetus. 

Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk at 
concentrations much higher than in maternal plasma. It is not known whether the drug is excreted in 
human milk. Because many drugs are excreted in human milk, nursing mothers are advised not to breast 
feed their babies when taking the drug. 

Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorrhage (11.2%) who 
were given nimodipine. The most frequently reported adverse experience was decreased blood pressure in 
4.4% of these patients. Twenty-nine of 479 (6.1%) placebo treated patients also’ reported adverse 





experiences. The events reported with a frequency greater than 1% are displayed below by dose. MILES 
DOSE q4h A ; ; 
Manufactured by. Miles Inc. Encapsulated by: R.P. Scherer North America 
Number of Patients (%) Pharmaceutical Division Division of R.P. Scherer Corp. 
Nimodipine Placebo 400 Morgan Lane Clearwater, FL 33518 
0.35 mg/kg 30 mg 60 mg 90mg 120mg West Haven, CT 06516 
Sign/Symptom (n=82) (n=71) (n= 494) (n=172) (n=4) (n= 479) 
Decreased Blood Pressure 1 (1.2) 0 19 (3.8) 14 (8.1) 2(50.0) 6( 1.2) , Ri 
Abnormal Liver Function Test ] (1.2) 0 2 (0.4) 1(0.6) 0 7 (1.5) PD100667 1/89 BAY e 9736 5202-7-A-U.S.-1 0703 
Edema 0 0 2 (0.4) £¢L.2) © 3 (0.6) © 1989 Miles Inc. Printed in USA 
Diarrhea 0 3 (4 2) r ia 3 Het : ; (0.6) 
e ), Pal U By 2 9 (VU. Wh a a a r 
Tos N ; aM) i (1.4) 6 HS} 0 (L4) 0 l 10.95 References 1. Pickard JD, Murray GD, Illingworth R, et al. Br Med]. 1989:298:6 36-642. 2. Philippon J, 
Gastrointestinal Symptoms 2 (2.4) ) 0 2(1.2) 0 0 Grob R, Dagreou F, Guggiari M, Rivierez M, Viars P. Acta Neurochir 1986;82:110-114. 3. Allen GS, Ahn : 
Nausea . 1 (1.2) 1 (1.4) 6 (1.2) 1(0.6) 0 0 HS, Preziosi T), et al. N Engl J Med. 1983;308:619-624. 4. Petruk KC, West M, MohrG, etal. J Neurosurg. e 
Dyspnea 1 (1.2) 0 C oO 0 0 1988;68:505-517. 5. Data on file. Miles Inc. 6. Stullken EH Jr, Balestrieri FJ, Prough DS, McWhorter JM. 
EKG Abnormalities 0 1 (1.4) 0 1(0.6) 0 0 Anesthesiology. 1985;62:346-348. 
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Original Contributions 


Transplantation of Human Fetal Dopamine Cells 
for Parkinson’s Disease 


Results at 1 Year 


Curt R. Freed, MD; Robert E. Breeze, MD; Neil L. Rosenberg, MD; Stuart A. Schneck, MD; Trent H. Wells; 
John N. Barrett, PhD; Scott T. Grafton, MD; S. C. Huang, DSc; David Eidelberg, MD; David A. Rottenberg, MD 


è In an effort to improve the clinical 
signs of Parkinson’s disease, we have im- 
planted mesencephalic dopamine cells 
from a 7-week human embryo into the 
caudate and putamen of a 52-year-old man 
with Parkinson’s disease. Fetal tissue was 
obtained from elective abortion. The 
woman and the patient with Parkinson’s 
disease were unknown to each other. The 
woman gave specific consent and was not 
paid. The patient had a 20-year history of 
parkinsonism treated with multiple drug 
therapies including levodopa/carbidopa 
(Sinemet) every 2⁄2 hours. His symptoms 
were worse on the left side. For 5 months 
prior to transplantation, the patient under- 
went Clinical evaluations by both a neurol- 
ogist and a computer system installed in 
his home for daily measurement of walking 
and hand movements. Preoperative 
positron emission tomographic scanning 
with 6-.["°F]fluorodopa (fluorodopa) dem- 
onstrated severe dopamine depletion bi- 
laterally. Fetal tissue was matched to the 
patient for ABO blood antigens, and ma- 
ternal serum was screened for hepatitis B 
and human immunodeficiency virus type 1 
prior to surgery. Fetal tissue was im- 
planted stereotactically throughout the 
caudate and putamen on the right side of 


P arkinson’s disease results from the 
death of a small number of dopa- 
mine-producing cells in the substantia 
nigra pars compacta. Normally, the 
midbrain contains about one half mil- 
lion dopamine cells' and supplies 
dopamine to the caudate and putamen 


Accepted for publication January 30, 1990. 


the brain via 10 needle tracks. The patient 
was not immunosuppressed. Results 12 
months after surgery showed 42% im- 
provement in left-hand speed before the 
first morning dose of drug and 40% 
greater response to drug therapy. Right- 
hand speed increased 15% before drug 
therapy and 23% after drug therapy. Re- 
action time was unaffected. Walking 
speed increased 33% after drug adminis- 
tration, although walking speed before the 
first morning dose of drugs declined 40%. 
Walking speed on an all-day basis im- 
proved 17%. “On” time increased from 
69% to 86% of the day. For technical rea- 
sons, preoperative and postoperative flu- 
orodopa positron emission tomographic 
scans were performed at different facili- 
ties, so that results could not be directly 
compared. A magnetic resonance scan 5 
months after surgery showed that signs of 
the needle tracks were still visible but that 
there was no enhanced signal after gado- 
linium injection, indicating that the blood- 
brain barrier was intact. These data indi- 
cate that transplants of human fetal 
dopamine cells may have therapeutic ben- 
efit in patients with Parkinson’s disease. 
(Arch Neurol. 1990;47:505-512) 


through a rich axonal network. Par- 
kinsonian signs appear after there is 
about 80% depletion of dopamine.’ Ex- 
periments in rat and monkey models of 
Parkinson’s disease have shown that 
fetal cells implanted in adult brain can 
grow neural processes and synthesize 
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dopamine.*'! Cells of an early gesta- 
tional age appear to be best. For hu- 
mans, this is tissue from a first-tri- 
mester fetus.'*"! 

The promising animal experiments 
have led to human studies. A few 
patients have received implants of hu- 
man fetal cells. Some information on 
surgical technique and clinical out- 
come has been presented,'?* including 
a report describing early results in our 
patient.’ Although there is one de- 
tailed report describing results in two 
patients," there is no consensus on the 
optimum fetal age for implant, on the 
brain region that should be implanted, 
on surgical technique, on the need for 
using immunosuppressants, or on the 
clinical usefulness of the implants. 
Twelve months after transplantation, 
our patient showed significant im- 
provement in his disease as measured 
by clinical neurological examination, 
by a novel, home-based computer- 
testing system, by reductions in drug 
doses, and by the patient’s personal 
assessment. Nonetheless, he continued 
to be bothered by freezing spells when 
walking and by day-to-day fluctua- 
tions of his Parkinson’s disease. 

In the past 2 years, there have been 
several ghundred autologous trans- 
plants of adrenal medullary tissue per- 
formed on patients with Parkinson’s 
disease with modest therapeutic bene- 
fits reported by some centers.'*”? In 
autopsies performed on a few of these 
patients, survival of adrenal medul- 
lary cells has been poor.” Experi- 
ments with rat, monkey, and human 
tissue have found that adrenal medul- 
lary tissue requires nerve growth fac- 
tor for long-term survival.”? There 
may be an explanation for the appar- 
ent improvement found in some pa- 
tients, even without cell survival. 
Some animal experiments indicate 
that adrenal medulla transplants can 
enhance dopamine neurite outgrowth 
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even with the death of medullary 
cells.” Nonetheless, animal studies 
show that transplanted fetal dopa- 
mine cells produce behavioral effects 
that are superior in quality and per- 
sistence to adrenal medullary trans- 
plants.3438.29 


REPORT OF A CASE 


The patient was a 52-year-old man with 
a 20-year history of Parkinson’s disease 
treated with multiple drugs taken every 2.5 
hours while awake. He was otherwise in 
good health. The disease first presented 
with left-sided findings. Over the course of 
time, the right side became involved but the 
left side remained the more severe. The pa- 
tient was right-handed. Walking was made 
difficult by problems in initiating move- 
ment as well as by dystonic posturing of 
both feet. He used a cane for walking at 
home and used crutches when out in public. 
Freezing episodes while walking were his 
most disabling problem. Five years prior to 
surgery, the patient had to stop working. 
Because of his difficulty ambulating, the 
patient was classified as stage IV (Hoehn 
and Yahr). 

Associated signs included hypophonia, 
progressive micrographia, loss of the abil- 
ity to whistle (a favorite hobby), and 
chronic constipation. He had approxi- 
mately one bowel movement per week. He 
had mild rigidity and little tremor. 

He was followed up at frequent intervals 
by the same neurologist for 17 years. Care- 
ful titration of drugs had led to drug dosing 
every 2⁄2 hours with levodopa/carbidopa 
(Sinemet) and multiple daily doses of tri- 
hexyphenidyl (Artane), bromocriptine 
(Parlodel), and amantadine (Symmetrel). 


MATERIALS AND METHODS 


The patient was examined by a neurolo- 
gist using the Unified Parkinson’s Disease 
Rating Scale, version 3.0.° Each examina- 
tion tested the patient before and 1 hour 
after drug administration. The patient also 
reported on the Activities of Daily Living 
Seale. 

In addition to the neurologic evaluations, 
we developed computerized timed tests of 
walking and hand motion that were per- 
formed in the patient’s home on a daily ba- 
sis beginning 5 months prior to suggery and 
continuing for 12 months after surgery. The 
microcomputer measured walking speed 
and left- and right-hand motion. The strat- 
egy was to test motor performance before 
and 1 hour after the first dose of drugs in the 
morning every day. In addition, 1 day per 
week every waking hour the patient per- 
formed these tests on an hourly basis for 15 
hours. 

Rapid alternating movements of each 
hand were measured by tapping adjacent 
keys of the computer keyboard with the left 
or right index fingers. A second test of hand 
motion measured reaction time and move- 
ment speed in a conditional performance 
task in which the patient was instructed by 
screen commands to move the index finger 
from a home key to one of two target keys 
on a console wired to the computer. The 
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computer randomly selected the target key. 
Reaction time was the time taken to release 
the home key. Both hands were tested in 
each task. Walking speed was measured by 
four photocells placed along a 6-meter run- 
way and wired to the computer. Data were 
analyzed in 2-month blocks by analysis of 
variance with Neuman-Keuls post hoc cor- 
rection. 

A preoperative 6-L['*F uorodopa (fluo- 
rodopa) positron emission tomographic 
(PET) scan at Memorial Sloan-Kettering 
Cancer Center, New York, NY, using a PC 
4600 positron camera demonstrated severe 
reduction of fluorodopa uptake bilaterally. 
The  striatal/occipital cortex target- 
to-background ratio was 1.46 on both the 
left and right sides vs 2.69 + 0.07 in four 
controls. The striatal uptake rate constant 
Ki was 0.0022 mL/min per gram of brain on 


the left and 0.0020 mL/min per gram ofe 


brain on the right, while controls averaged 
0.015 + 0.002 mL/min per gram of brain.” 
Fluorodopa was prepared by a modification 
of the synthesis of Luxen et al”? to a specific 
activity of 120 mCi/mmole. Because of tech- 
nical problems at Memorial Sloan- 
Kettering Cancer Center, the patient un- 
derwent a repeated fluorodopa PET scan at 
UCLA 9 months after transplantation. 

Tissue for the transplant was obtained 
under criteria compatible with the guide- 
lines developed by the Advisory Committee 
on Human Fetal Transplantation Re- 
search, National Institutes of Health, Be- 
thesda, Md. The transplant protocol and the 
consent forms for the patient with Parkin- 
son’s disease and the donor of the fetal tis- 
sue were approved by the University of 
Colorado Health Sciences Center (Denver) 
Institutional Review Board for the Protec- 
tion of Human Subjects. Human fetal brain 
tissue of about 7-weeks’ gestation was re- 
covered following routine suction abortion. 
Informed consent from the mother was ob- 
tained only after the abortion was com- 
pleted. No modification in the abortion pro- 
cedure was made except for the use of a 
sterile collection apparatus. The patient 
and the tissue donor were unknown to each 
other and the woman was not paid. 

In earlier experiments, we established 
landmarks for dissecting mesencephalic 
dopamine cells from human fetal brain 
stem by tyrosine hydroxylase immunocy- 
tochemical staining of whole mounts of 
brain-stem tissue.” A tissue fragment 
(2 X 4 X 1 mm) was dissected from the ros- 
tral half of the ventral mesencephalon. The 
mesencephalic fragment was disrupted by 
trituration with a fire-polished glass Pas- 
teur pipette in 400 4L of cold isotonic phos- 
phate/bicarbonate-buffered saline with 
glucose (pH, 7.2). Aliquots of 40 uL for each 
transplant track were placed in individual 
sterile tubes. Cell viability was 65% to 87% 
as assessed by acridine orange and ethid- 
ium bromide staining. The total time be- 
tween tissue collection and placement in the 
brain was 12 hours. During this time, the 
cells were kept at about 8°C. 

We characterized the ABO blood group 
antigens of fetal tissue prior to transplant. 
In early experiments, we found that fetal 
red blood cells at this gestational age lacked 
ABO antigens but that the antigens were 





present on other tissues. Using an immu- 
noperoxidase reaction on a cross section of 
fetal body parts, a presumptive character- 
ization of a fetus as type A was made by 
specific staining of endothelial cells and 
other cellular elements of the fetal body 
with anti-A, but not anti-B, monoclonal 
antibodies. Because the patient was type O, 
the fefal tissue chosen for the transplant 
was unreactive to anti-A or anti-B mono- 
clonal antibodies. — e 

In preliminary experiments, we studied 
the risk of bacterial contamination of fetal 
material. We found no positive cultures of 
17 fetuses after 2 days in aerobic and 
anaerobic cultures. Risks of viral infection 
were also addressed. Serologic investiga- 
tions for human immunodeficiency virus 
type 1 and hepatitis B were performed on a 
maternal serum sample prior to fetal tissue 
transplantation. In the preoperative as- 
sessment, the patient was determined to be 
positive for cytomegalovirus. The maternal 
serum sample was not screened for cyto- 
megalovirus. At delivery, routinely ob- 


è tained culture samples may be positive for 


herpes simplex type 2in 0.2% of women. By 
excluding patients with a history of genital 
herpes infection and by inspecting for 
herpes lesions, we estimated the risk of 
transmitting herpes to the patient to be 
1:500 to 1:1000.” 

A major question in human fetal implant 
therapy is whether immunosuppression is 
necessary. In rat and monkey studies, im- 
plants of fetal brain tissue within species 
are usually not rejected, even without using 
immunosuppressants. Using these drugs, 
xenografts of mouse or human can survive 
in rat or monkey.'®!!*435 However, because 
immunosuppressants carry some risk of 
morbidity and mortality primarily from 
infection, their use in symptomatic treat- 


e ment of parkinsonism is a difficult medical 


decision. Only a controlled trial of fetal 
mesencephalic implants with and without 
immunosuppressants will answer this 
question. Because of the apparent success of 
fetal neural implants in monkeys without 
the use of immunosuppressants*’ and in the 
interest of patient safety, we decided not to 
use these drugs. 

Since signs of parkinsonism were worse 
on the left side, we chose to implant tissue 
in the right side of the brain. We used the 
surgical strategy and methods that we had 
developed in a monkey model and had 
shown to produce behaviorally effective fe- 
tal grafts.’ In an effort to reinnervate the 
whole of the caudate and putamen, 10 ste- 
reotactic needle passes were made 4 mm 
apart in the caudate and putamen. Because 
the dopamine deficiency of Parkinson’s dis- 
ease is most severe in the putamen, it is 
reasonable that the putamen should be a 
main focus of transplantation.” The ratio- 
nale for track spacing at 4-mm intervals 
came from animal experiments of human 
fetal tissue placed into rats.!™! In these 
studies, dopamine cell neurites grew sev- 
eral millimeters, substantially reinnervat- 
ing rat striatum. It was our hope that 
human fetal cells would have a similar 
growth potential in human brain and would 
fully restore dopamine input on one side of 
the brain. 
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Fig 1.—Computed tomographic (CT) and magnetic resonance (MR) scans before and after fetal tissue implantation. The left- 
hand panel shows the CT baseline established in the putamen for transplants. A total of six needle passes, 4 mm apart, ter- 
minated at this line. The center panel shows the CT baseline through the caudate to which four needle passes were made. 
The right-hand panel shows a T,-weighted MR image obtained 5 months after surgery. The arrows point to the line of the nee- 
dle tracks in the caudate and putamen. Evidence of the needle tracks is still seen. Gadolinium injection showed no enhance- 
ment at 5 months, indicating that the blood-brain barrier was intact. 


Unified Parkinson’s Disease Motor Scale * 


A EEN, 


Pretransplant 


Overall 
Before drug therapy 


After drug therapy 


Right side 
Before drug therapy 


After drug therapy 


Left side 
Before drug therapy 


After drug therapy 


Posttransplant % Changet 


+42; P< .01 


+25; P< .01 


+84; P< .01 





* Scale is as follows: very severe, wheelchair bound, 56; miaimal disease, 8. 
+Regression lines fit to neurologic examination results in postoperative period. N = 17; P values refer to 


slopes different from zero. NS indicates not significant. 


Surgery was performed using a BRW 
computed tomographic (CT) stereotaxic 
guide (Radionics, Burlington, Mass). Only 
local anesthesia supplemented with intra- 
venously administered midazolam was 
used. With the head ring in place, the 
patient underwent CT scanning. Baseline 
coordinates were established for the cau- 
date and putamen as shown in Fig 1. Spe- 
cific trajectories were obtained for four 
needle tracks to be placed in the caudate 
and six tracks in the putamen. Trajectories 
were calculated to avoid the posterior limb 
of the internal capsule. A 3-cm trephination 
was placed to the right of midline at the 
level of the coronal suture. The entry point 
for the putamen and caudate tracks were at 
two different sites on the surface of the 
brain. The tracks to the putamen were ver- 
tical with reference to a coronal plane while 
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Table 2.—Activities of Daily Living 


Some subjective improvement 12 months 
after transplantation 
Speech 
Cutting food 
Dressing 
Falling 
Tremor 
Freezing 
Walking 
No subjective improvement 
Salivation 
Swallowing 
Hygiene 
Turning in bed 
Sensory symptoms 
Handwriting 
Overall, an improvement in score while “on” 
of 21 to 7 (67%) 





Table 3.—Medication Charfges” 


Medication 


Levodopa/carbidopa (Sinemet) 
Bromocriptine 






Trihexyphenidy! 
Amantadine 


* Total daily dose in milligrams. 


the approach to the caudate was at an an- 
gle of 30°. 

The injection cannula consisted of a 17- 
gauge (1.5-mm) stainless steel outer can- 
nula with a 19-gauge inner stylet. This was 
inserted into the brain to the CT baseline in 
the caudate or putamen. The stylet was 
then removed and replaced with a 19-gauge 
infusion cannula that had been preloaded 
with 30 uL of tissue suspension. The tissue 
was slowly infused at a rate of 3 L/min as 


Pretransplant 


Posttransplant % Change 


the cannula was withdrawn. Tissue was de- 
posited along a total distance of 15 mm in 
each needle track. At frequent intervals 
during the operation, the patient was asked 
to speak and move his extremities. 

A postoperative CT scan showed no sub- 
dural hemorrhage or edema. The patient 
received phenytoin prophylactically and 
antibiotics parenterally on the day of sur- 
gery and for 2 days thereafter. The patient 
had an uneventful postoperative course and 
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Fig 2.—Finger speed in conditional-movement task before and after the 
first morning dose of drugs before and after fetal tissue implantation. 
Speed of the left index finger (centimeters per second) is shown in the 
closed symbols and solid lines, while the speed of the right index finger 
is shown in the open symbols and dashed lines. Circles represent finger 
speed before drug administration and the squares the movement speed 
1 hour after drug administration. Datg shown are 1-month averages of 
daily testing as described in the “Results” section. Fellowing surgery, 
finger speed increased for both the right and left fingers. Finger speed 
at 12 months represents a 42% increase for the left finger before drug 
therapy and a 40% increase after drug therapy (P < .01 for both values). 
For the right finger, the increase in finger speed was 15% before drug 
therapy (P < .05) and 23% after drug therapy (P < .05). Finger speed 
on the left and right sides were converging 12 months after transplan- 
tation. 
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Fig 3.—Reaction time during conditional finger-movement task. The time 
was the delay between the appearance of the screen command to move 
and the lifting of the finger from a push-button switch (symbols carry the 
same meaning as in Fig 2). Results show that conditional reaction time 
was unaffected by drug therapy, the limb used, or time. As such, it rep- 


Fig 4.— Speed of rapid alternating movements (symbols carry the same 
meaning as in Fig 2). Data on the y axis are the reciprocal of the time 
taken to perform 10 key presses of adjacent keys on the computer key- 
board. Results at 12 months show improvement for the left finger before 
and after drug therapy (39% and 17%, P < .01 for both values) as well 


resents a control for diligence. 


was discharged on day 3 in his preoperative 
condition. 

Because bacterial cultures of a portion of 
fetal tissue obtained at the time of abortion 
became positive for Lactobacillus 4 days af- 
ter being placed in culture, the patient was 
readmitted 5 days after surgery for a lum- 
bar puncture. The spinal fluid showed no 
cellular or bacteriologic evidence of infec- 
tion. The patient at no time had a fever but 
was treated with 2 days of intravenous an- 
tibiotics and 5 additional days of oral anti- 
biotics. 


RESULTS 


The patient was examined at weekly 
intervals postoperatively before and 1 
hour after the first morning dose of 
drugs. He also resumed his daily test- 
ing schedule on the home computer 
within 2 weeks of surgery. At 1 month 
and 6 months after receiving the trans- 
plant, the patient underwent magnetic 
resonance scans, and on both occasions 
it was possible to see traces of the can- 
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as for the right finger (22% and 25%, P < .01 for both values). 


nula tracks in the caudate and puta- 
men (Fig 1). Gadolinium was injected 
during the magnetic resonance scan at 
5 months. There was no contrast en- 
hancement indicating that the blood- 
brain barrier was intact at that time. 

Results of the neurological evalua- 
tion of the patient using the Unified 
Parkinson’s Disease Scale are shown 
in Table 1. A decrease in numerical 
score represents improvement. Clini- 
cal examination showed improvement 
after surgery in his “off” state before 
a drug dose. There was 42% improve- 
ment in predrug performance by 11 
months after surgery. Laterality of 
transplant effect was demonstrated in 
hands and feet with 54% improvement 
in performance on the left side com- 
pared with 25% improvement in per- 
formance on the right side. Activities 
of Daily Living as reported by the pa- 
tient yielded a 67% improvement dur- 
ing “on” periods (Table 2). 


Beginning at 30 days, the neurolo- 
gist attempted to reduce the patient’s 
drug doses. Judgments were made only 
on clinical criteria. To avoid influenc- 
ing his neurologic evaluations, neither 
he nor the patient were told of the re- 
sults of the computer test. In each case, 
reductions of trihexyphenidyl, bro- 
mocriptine, levodopa, and amantadine 
doses were associated with some loss 
in motor performance, as measured by 
the computer. To reduce the confound- 
ing effects of changes in drug dosing 
with changes produced by the trans- 
plant, drug dosing was restored at 7 
months after the transplantation to 
nearly the same levels as preoperative- 
ly. At 11 months, bromocriptine doses 
were once again reduced because of in- 
creased movements of the head and 
left arm and leg. Table 3 presents the 
patient’s drug schedule before and 12 
months after surgery. 

Signs of change appeared in the val- 
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Fig 5.—Walking speed before and 1 hour ater drug administration be- 
fore and after surgery. The left panel shows individual daily testing re- 
sults demonstrating the considerable day-to-day variability. At the left 
margin are the means and SEMs of the measurements made for 4 
months preoperatively. The asterisks show thé*speed of walking before 
the first morning doses of drug and the Xs the walking speed 1 hour later. 
The panel at right shows the same data, but they are averaged at 30- 
day intervals. There was a significant increase in walking speed at 1 year 
(33%; P < .01). Walking speed prior to the first dose of drugs in the 
morning declined 40% (P < .01) compared with the period before sur- 


gery. 


Fig 6.—‘‘On-off’’ time during all-day computer testing. ‘‘On’’ refers to 
the ability to walk faster than 0.5 m/s. Overall, there has been a 17% 
increase in on time by 12 months after surgery (69% to 86% of the day, 


P< .02). 


ues recorded on the computer test in® 
the early weeks after the implantation 
and became significantly different 
from baseline values by 2 months after 
surgery. Improvement as noted by 
computer testing results was seen both 
as improvement in performance before 
drug therapy each morning and as an 
enhanced response to drug therapy. 
There was improvement bilaterally in 
hand motion through space, although 
left-hand improvement was greater 
than right-hand improvement (Fig 2). 
Left-finger speed increased 42% before 
drug administration and 40% after 
drug administration (P <.01; both 
values by Neuman-Keuls post hoc test- 
ing). Right-finger speed increased 15% 
before drug therapy (P < .05) and 23% 
after drug therapy (P < .05). There 
was no change in reaction time with 
either hand as shown in Fig 3. 

Rapid alternating movements were 
tested by hitting adjacent keys of the 
computer keyboard with the index fin- 
ger. Each hand was tested separately. 
As shown in Fig 4, rapid alternating 
movements of the left hand improved 
before and after drug therapy (39% 
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and 17%, respectively; P < .01). The 
right hand showed 22% improvement 
before drug therapy and 25% improve- 
ment after drug therapy (P < .01; both 
values). By 12 months after surgery, 
his performance in both tests while 
usirg drugs was in the range expected 
for people without Parkinson’s dis- 
ease. 

Walking speed 1 hour after drug use 
was improved 33% by 1 year after 
transplantation (P < .01) (Fig 5). By 
contrast, speed of walking in the early 
morning prior to drug therapy de- 
clined 40% (P < .01). We are uncertain 
as to why walking speed before the pa- 
tient took his medications declined, 
especially since hand-movement speed 
increased even before the first morn- 
ing dose of drugs. 

One day per week, the patient per- 
formed the computer tests every wak- 
ing hour. This testing allowed us to 
measure the fraction of the day the 
patient was “on” or “off.” Walking 
speeds of less than 0.5 m/s were asso- 
ciated with the off periods. Results of 
the all-day testing on “on-off” times 
are shown in Fig 6. The patient was al- 
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ways off before the first dose of drugs 
in the morning. Thus the maximum 
percentage on has been 93% (14 of 15 
hours during the day). The regression 
line in the figure shows that the pa- 
tient’s on time averages 86% 12 
months after surgery compared with 
69% at the time of surgery (r = .87, 
n = 43 weeks of testing, P < .02). 
While timed tests showed a signifi- 
cant increase in hand-movement speed 
before and after the first dose of drugs 
in the morning, neurologic examina- 
tion showed an overall improvement in 
motor performance in the off phase but 
not in the on phase. Since the clinical 
neurologic examination does not mea- 
sure speed of movement but, rather, 
gauges quality of movement, computer 
and human testing are not equivalent. 
Patient reports of Activities of Daily 
Living are presented in Table 2. In ad- 
dition to the items on the test list, the 
patient described other phenomena. 
By 1 month after transplantation, the 
patient’s chronic constipation re- 
solved. He also regained the ability to 
whistle. There was an improvement in 
the clarity and force of his speech, 
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Fig 7.—6-L-['°F] Fluorodopa (F-dopa) and fludeoxyglucose F-18 (FDG) positron emission tomographic scans performed 9 
months after surgery. The upper series of slices are integrated uptake of fluorodopa, 60 to 120 minutes after drug injection, 
while the lower show FDG uptake integrated over 30 to 60 minutes. Each slice is 6.7 mm thick with the section on the left 
most dorsal and the right most ventral. The left side of each image is the right side of the patient's brain. Fetal implant was 
in the right caudate and putamen. In-plane image resolution is 8.54 mm. The FDG images provide anatomic detail against which 
the fluorodopa images can be assessed. In all planes, fluorodopa uptake in the caudate nucleus is substantial bilaterally. In 
the putamen, uptake is less and appears asymmetric, with greater uptake on the patient’s right side in two of the three sec- 
tions showing the putamen. Detailed calculations are presented in the “Results” section. 


particularly noticeable in telephone 
conversations. He no longer used his 
cane for walking at home. 

A fluorodopa PET scan was per- 
formed 9 months after surgery at 
UCLA using the Siemens/CTI 831 PET 
scanner. Uncertainties in defining the 
boundaries of the putamen in the most 
rostral slice led to data analysis only 
on the central slices. Results showed 
target-to-background ratios of 2.62 
and 2.43 in the left and right caudate, 
respectively, while in the putamen the 
ratios were 2.02 and 1.74 (left and 


right, respectively). The Ki values for® 


uptake at 60 to 120 minutes in the cau- 
date were 0.0096 + 0.0006 mL/min per 
gram of brain for the left and 
0.0095 + 0.0002 mL/min per gram of 
brain for the right, and in the putamen 
the values were 0.0063 + 0.0007 mL/ 
min per gram of brain for the left and 
0.0050 + 0.0003 mL/min per gram of 
brain for the right (Fig 7). Because of 
differences in PET scanner resolution 
and imaging techniques, the preopera- 
tive scan in Memorial Sloan-Kettering 
Cancer Center and the postoperative 
scan at UCLA could not be compared 
directly. 

At 12 months, the patient was on a 
drug schedule that reflected a 29% re- 
duction in the bromocriptine dose and 
a 25% reduction in the _ trihex- 
yphenidyl dose (Table 3). Despite these 
reductions, the patient’s hand move- 


510 Arch Neurol—Vol 47, May 1990 


ments and walking speed on a 15-hour 
per day testing basis were increased 
compared with preoperative testing. 


COMMENT 


While as many as 40 implantations 
of human fetal dopamine cells have 
been performed in England, Sweden, 
Cuba, Mexico, China, and now the 
United States, the surgical techniques 
used for transplantation, the age of the 
fetal tissue being employed, and the 
strategy for evaluating transplanta- 
tion success are very different. In a 
letter to the editor, Madrazo et al? 
have described an open surgical proce- 
dure transplanting a block of fetal tis- 
sue to the caudate. Fetal tissue (13 
weeks’ gestation) was implanted. A 
second approach, by Hitchcock et al" 
has stereotactically implanted similar 
aged fetal tissue to the caudate. While 
tissue of that developmental stage 
may survive when transplanted as a 
block," it is unclear that an implant 
into the caudate would have much 
therapeutic effect, since the most se- 
vere dopamine deficit of Parkinson’s 
disease is in the putamen.**” 

The only detailed report of fetal im- 
plant surgery has come from Lindvall 
et al describing results in two pa- 
tients 6 months after these patients 
received the transplant. These investi- 
gators used a cannula (2.5 mm in 
diameter) to place tissue from four 


embryos (7 to 9 weeks’ gestation) into 
one site in the caudate and two sites in 
the putamen on one side of the brain. 
Tissue was not immunologically char- 
acterized preoperatively, but patients 
were immunosuppressed with cyclo- 


ə sPorine, prednisone, and azathioprine. 


Results showed that motor perfor- 
mance deteriorated for 1 to 2 months 
postoperatively but then improved be- 
yond the preoperative level. In one pa- 
tient, performance in timed tests 
reached a level about 20% faster than 
before surgery, and the patient felt 
there was an increase in on time. The 
other patient showed a lesser response 
and felt there was no clinical benefit to 
surgery. There were no changes in 
drug doses. 

We have performed the most exten- 
sive reinnervation of the caudate and 
putamen reported to date. Even with 
implants along 10 needle tracks in 
the caudate and putamen, we observed 
no reduction in motor function peri- 
operatively. It is possible that the 
larger cannula used by the Swedish 
investigators’ (2.8 times the cross- 
sectional area of the cannula we used) 
accounted for the loss of performance 
they observed in the early postop- 
erative period. Other differences in 
technique may account for the appar- 
ently greater clinical improvement ob- 
served in our patient. Tissue was held 
in buffered calcium- and magnesium- 
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free chilled Hanks’ solution, while 
Lindvall et al used unbuffered normal 
saline. We also attempted to fully rein- 
nervate the caudate and putamen with 
needle tracks spaced 4 mm apart. The 
changes in motor performance we have 
seen in our patient have occured over 
a period of months following surgery 
and are continwing 12 montis after 
surgery. a 

Whether immunosuppression will 
lead to a better clinical response is un- 
certain. To our knowledge, we are the 
only group performing preoperative 
matching for ABO blood group anti- 
gens in an effort to reduce the risk of 
rejection. While the brain may be an 
immunologically privileged site, only 
study comparing immunosuppresse 
and nonimmunosuppressed patients 
will clarify this issue. 


Our quantitative measures of neu- g 


rologic improvement using a novel 
home-based computer system have 
provided the richest database of any 
study of Parkinson’s disease reported 
to date. Because of the objective nature 
of the computer measures, we believe 
that this method of evaluation is supe- 
rior to the general neurologic exami- 
nation. 
shows high variability day-by-day, 
only frequent measurements can pro- 
vide a database by which tc compare 
preoperative and postoperative states. 
By studying daily performance before 
and after the first dose of drugs, we 
were able to see if transplants influ- 


enced the basal state of Parkinson’se 


disease or only the drug response. It 
may be that transplants will change 
drug responses more than basal motor 
performance. Transplantation experi- 
ments in animals support this possi- 
bility. Most animal experiments 
have shown changes in amphetamine- 
or apomorphine- induced behaviors 
rather than in baseline motor per- 


formance. 3,4,8-11,23,28 


Our patient has shown significant 
improvement in most aspects of his 
Parkinson’s disease 12 months after 
implantation of fetal dopamine cells 
into the caudate and putamen. He has 
shown increases up to 42% in speed of 
rapid alternating movements and in 
hand movement through space. Move- 
ment of the left hand, the side opposite 
the implant, has increased in speed 
more than movement of the right 
hand. Testing while the patient was 


undergoing drug therapy showed ~ 


hand-movement speeds to be normal. 
On an all-day performance basis, the 
patient can walk about 17% faster 
than before surgery and is on about 
86% of the time. His walking speed af- 
ter the first dose of drugs in the morn- 
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ing has improved 33%, although his 
ability to walk before his first morning 
dose of drugs is more impaired than it 
was before surgery. Reaction time was 
unaffected by surgery or drug therapy, 
as expected for the conditioned perfor- 
mance task we devised. The con- 
stancy of reaction time provides a good 
measure of continued vigilance by the 
patient. His speech has improved in 
volume and clarity, he has regained 
the ability to whistle, and his chronic 
constipation has resolved. Drug doses 
have been reduced to some extent. 
Magnetic resonance scanning with 
gadolinium injection 5 months after 
surgery showed no enhancement, indi- 


e cating that the blood-brain barrier 


was intact: This result contrasts with 
that found after adrenal trans- 
plantation,” most likely because the 
adrenal tissue transplants contain pe- 
ripheral blood vessels with permeable 
endothelium. With fetal neural im- 
plants, we would expect the integrity 
of the blood-brain barrier to be re- 
stored, as we have found. 

Whether implants of fetal dopamine 
celis will fully reverse the signs of 
Parkinson’s disease is uncertain. De- 
spite the successful growth of fetal 
dopaminé cells in animals, these im- 
plants have not been shown to reverse 
all aspects of the parkinsonian state. 
Because the process leading to Parkin- 
son’s disease is unknown and progres- 
sive, even successful fetal cell implants 
in man may offer only temporary ben- 
efit. Nonetheless, in a patient with se- 
vere disease we have seen substantial 


clinical improvement persisting for 1. 


year after implantation. With further 
refinement in cell preparation and sur- 
gical technique, it is likely that greater 
clinical improvement will be possible. 

When this article was in press, a re- 
port from Lindvall et al! described 
improvement in a patient 5 months af- 
ter a fetal neural implant. The time 
course and magnitude of improvement 
they observed was similar to that we 
reported at 6 months" and 1 year as 
noted in this article. Since submission 
of the 12-month data, we made the de- 
cision to optimize drug therapy. Sele- 
giline (deprenyl) therapy (10 mg/d) 


was started. This therapy worsened 


bradykinesia and made walking more 
difficult. With the assumption that de- 
terioration was caused by excess 
dopamine effect, we cut the dose of 
levodopa/carbidopa (Sinemet). Fif- 
teen months after the implantation, 
levodopa/carbidopa administration 
has been reduced from 900 to 500 mg/ 
d (44%), amantadine reduced from 300 
to 200 mg/d (33%), trihexyphenidyl 
from 8 to 6 mg/d (25%), and bro- 


mocriptine from 17.5 to 10 mg/d (43% ). 
These drug reductions have resulted in 
further improvement in walking speed 
to 1 m/s 1 hour after drug therapy, 
53% faster than preoperatively. The 
speed of walking before the first morn- 
ing dose of drugs had shown a gradual 
decline after transplantation. The pre- 
dose walking speed has now improved 
to 0.8 m/s, 12% faster than preopera- 
tively. 

Drug therapy complicates the man- 
agement of these patients who have 
received transplants. Eliminating 
drugs is therapeutically unacceptable 
for the patient with severe Parkinson’s 
disease. Holding drug dosing constant 
during the posttransplant period 
seems like an attractive choice, but 
overdose as well as underdose can lead 
to worsening of the condition of the 
patient with Parkinson’s disease. 
Since a successful dopamine cell im- 
plant may contribute te an overdose 
effect, transplants may worsen some 
aspects of the parkinsonian state. 
Drug therapy may slow the growth of 
the transplant.* All of these facts 
make studies of fetal neural implants 
difficult. However, as we work out the 
time course of growth of fetal implants 
(which appears to be most rapid over 2 
to 6 months as we and Lindvall et al“ 
have both seen), a scheduled taper of 
drug therapy could be initiated in an- 
ticipation of transplant effects. 


We thank Robert E. Stanton and the late 
Charles E. Stanton, Denver, Calo, for their gener- 
ous support of this research. We thenk Kevin 
Lafferty, PhD; David Talmage, MD; Francisco La 
Rosa, MD; and Gungor Ozturk, MD, University of 
Colorado Health Sciences Center, Denver, for 
helpful discussions on the immunologic aspects of 
fetal neural implants. 
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Cerebrogenic Cardiac Arrhythmias 


Cerebral Electrocardiographic Influences 
and Their Role i in Sudden Death 


Stephen M. Oppenheimer, MA, MB, MRCP, FRCPC; | 
David F. Cechetto, MSc, PhD; Vladimir C. Hachinski, MD, DSc(Med), FRCPC 


è Electrocardiographic repolarization 
changes, comprising QT prolongation, T- 
wave flattening or inversion, and ST-seg- 
ment alterations, are most commonly seen 
after subarachnoid and intracerebral hem- 
orrhage, but may occur in other neurolo ic 
conditions. They may presage arrhyth- 
mias. The effects likely are mediated by 
the sympathetic nervous system. Cerebral 
arrhythmogenesis may underlie sudden 


death in both normal and epileptic popula” 


tions. Experimental evidence suggests 

that the insula has a cardiac chronotropic 

organization, and may be involved in the 

genesis of arrhythmias seen in epilepsy or 

after cerebral hemorrhage or stroke. 
(Arch Neurol. 1990;47:513-519) 


udden unexpected death kills 
450 000 people in the United States 
each year, thus accounting for 25% of 
all fatalities.!? The risk factor profile is 
identical to that for ischemic heart 
disease, yet only a minority of such 
individuals (between 12% and 48%) 
have a symptomatic cardiac historye 
before death.™ Although the autopsies 
of these patients reveal a high inci- 
dence of coronary atherosclerosis, no 
obvious acute lesions (such as recent 
myocardial infarction or coronary 
thrombus) are found to account for 
death.'3 
With the introduction of communi- 
ty-based resuscitation teams, sudden 
collapse and death have been com- 
monly associated with cardiac ar- 
rhythmias, especially ventricular 
fibrillation.' Likewise, the absence of 
tamponade or evidence of. acute. or 
chronic pulmonary edema argues 
against heart failure as the cause of 
death.‘ These considerations, together 
with the lack of structural abnormal- 
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ities at autopsy, suggest an arrhyth- 
mia rather than a mechanical cause as 
the terminal event. Different factors 
may be operating in patients with pre- 
viously silent coronary artery disease 
to select presentation either as myo- 
cardial infarction or as sudden death. 

- Although arrhythmias can arise in- 


trinsically within a damaged myocar- ` 


dium, there is increasing evidence 
(which will be presented in this re- 
view) that central neurogenic factors 


are involved in arrhythmogenesis in | 


both normal and diseased hearts. Such 


‘factors may.'be responsible for the 


presentation of previously silent is- 
chemic heart disease as sudden death 
rather than as uncomplicated myocar- 
dial infarction. Cerebral arrhythmo- 
genesis also may account for unex- 
pected epileptic death as well as for 
some of the mortality resulting from 
primary intracranial causes. 


OBSERVATIONAL EVIDENCE 
Electrocardiographic (ECG) Changes and 
Neurologic Lesions l 


Alterations in cardiac depolariza- 
tion and repolarization become evident 
in the ECG. Certain changes may 
presage the development of cardiac 
arrhythmias. The first systematic 
analysis, by Burch et al,‘ reviewed the 
ECGs of 17 patients who had suffered 
cerebral hemorrhage, subarachnoid 
hemorrhage, or a “cerebrovascular ac- 
cident.” In 12 cases, the ECG was ob- 
tained within 48 hours of the event. 
The following changes were seen, 
which were identical to those observed 
in the two earliest single case re- 
ports”*: large inverted T waves, large U 
waves, and prolonged QT intervals. 
These were most frequent in cases of 
intracerebral and subarachnoid hem- 
orrhage. No attempt was made to con- 
tro] for coexisting cardiac disease. 

Cropp and Manning? were intrigued 
by a patient who had suffered a sub- 
arachnoid hemorrhage and whose 
ECG changes were consistent with 
acute myocardial infarction. Surgery 
was, consequently postponed and the 
patient rebled. At autopsy the heart 
was found to be grossly normal. They 
identified a further 29 victims of sub- 


arachnoid hemorrhage in whom ECG 
changes were detected. Prolongation 
of the QT interval was observed in 67% 
of recordings. Fifty-five percent of the 
traces showed flat or inverted T waves. 
Abnormal U waves were frequently 
seen. Autopsies were performed in 
four cases; all of which revealed: ap- 
parently normal hearts. 

Subsequent reports followed con- 
firming similar ECG changes in pa- 
tients with intracerebral hemor- 
rhage, subarachnoid hemorrhage, or 
stroke.'** In four of these studies there 
was no evidence of coexisting heart 
disease at. autopsy, implying a neuro- 
logic origin rather than a primary 
cardiac cause.*' 516 

‘Repolarization changes comprising 
ST depression and prolongation of the 
QT interval were found to be seven 
times more frequent in patients after 
acute cerebrovascular events than ina 
control population of patients with 
carcinoma of the colon.“ T-wave inver- 
sion was four times more common. 
However, cardiac status was not de- 
fined for the two groups. 

In an attempt to obviate the effects 
of coincident cardiac disease, Gold- 
stein! compared the ECGs of 150 pa- 
tients with acute stroke (defined as 
cerebral or subarachnoid hemorrhage 
or cerebral infarction), with their 
traces taken, on average, 4 months 
prior to the event. Similar, paired 
ECGs were obtained for a control, 
age-Sex~ -matched group. Fresh ECG 
changes consistent with repolarization 
abnormalities occurred in 74% of all 
patients with cerebrovascular events, 
compared with 14% of the controls. 
New QT prolongation was the most 
common finding, occurring in 32%. of 
patients, compared with 2% of the 
controls. ST depression or T-wave in- 
version was present in 21% of the 
study group and in 3% of the controls. 
New U waves were only seen in the 
study group at a frequency of 13%. 
New QT prolongation and U waves 
were more common after subarach- 
noid hemorrhage than after intracere- 
bral hemorrhage or infarction. Other 
ECG features did not distinguish be- 
tween cerebrovascular causes. The 
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triad of changes thought to be charac- 
teristic of acute cerebrovascular dis- 
ease (QT prolongation, U waves, and 
T-wave inversion) was seen in 8% of 
patients after stroke. It was evident in 
only 1 of 150 control recordings. Au- 
topsies were performed in, eight cases. 
Normal hearts were identified in five. 
In the remainder, old myocardial in- 
farction or left ventricular hypertro- 
phy accounted for the abnormalities. 
In none were acute lesions seen which 
could account for the ECG changes. 
These results are similar to those of 
uncontrolled studies in which intra- 
cerebral or subarachnoid hemorrhage 
was associated with ECG changes in 
61% to 71% of cases, whereas such ef- 
fects were only seen in 5% to 17 % of 
ischemic strokes.*!®!244 

Electrocardiographic repolarization 
changes have been reported in other 
primary intracerebral diseases. In a 
Bantu population, Hersch” found that 
15% of cases of meningitis were asso- 
ciated with changes in repolarization. 
Mehta et alë commented that notching 
of the T wave was the commonest ob- 
servation in meningitis, occurring in 
55% of patients, whereas prolongation 
of the QT interval was present in 13%. 
None had evidence of preexisting car- 
diac disease. No difference in the ECG 
characteristics of patients with cere- 
bral tumors was found when compared 
with those of controls.” 

There have been few attempts to 
correlate ECG repolarization changes 
with the site of the cerebral lesion. In 
one study of a group of 65 patients with 
either spontaneous or traumatic in- 
tracerebral hemorrhage, QT prolonga- 
tion and T-wave abnormalities were 
significantly associated with left fron- 
tal hematomas on computed tomo- 
graphic scan.” In the case of subarach- 


noid hemorrhage, however, no corre-: 


lation with the site of rupture has been 
found.” 

A variety of arrhythmias has been 
shown to occur after stroke? Gold- 
stein’ reported that the fresh onset of 
atrial fibrillation was the most com- 
mon change in cardiac rhythm, being 
observed in 31% of patients after all 
types of acute stroke, when compared 
with their ECGs taken prior to the 
event. This observation is in agree- 
ment with other reports.’ The over- 
all incidence of new ventricular ar- 
rhythmias was found to be 8%. 

In the case of subarachnoid hemor- 
rhage, multifocal ventricular prema- 
ture beats (VPBs) were identified in 
54% of a group of 52 patients,” cou- 
plets in 40%, and low-frequency uni- 
focal VPBs in 38%. Nonsustained ven- 
tricular tachycardia occurred in 28% 
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‘subarachnoid hemorrhage, a 


of such patients, sinus bradycardia in 
23%, asystolic intervals in 27%, and 
atrial fibrillation in only 4%. No asso- 
ciation with a history of heart disease 
was found. Of the arrhythmigs, only 
multifocal VPBs were associated with 


-the development of a midbrain syn- 


drome. 

Di Pasquale et al” noted that ar- 
rhythmias occurred mainly in the first 
48 hours after the onset of subarach- 
noid hemorrhage. No association was 
found between the presence of a 
rhythm change and either the site of 
rupture or the clinical state of the pa- 
tient. Serious ventricular arrhythmias 
(such as bigeminy or multifocal VPBs) 
were accompanied by an increase in 
the QT interval. This repolarization 
abnormality is associated with a 
particularly malignant ventricular 
arrhythmia known as torsade de 
pointes.” It has been detected in 4% of 
patients with subarachnoid hemor- 
rhage and appears to be unrelated to 


clinical status.” 


Scant attention has been paid to the 
occurrence of arrhythmias in other 


primary intracerebral diseases. Ven- 


tricular premature beats were found in 
20% of patients with meningitis, al- 
though the incidence in the control 
population of patients with pneumonia 
was not stated.'* Rush et al” identified 
a patient with a right frontal glioma, 
who suffered from repeated attacks of 
paroxysmal atrial tachycardia. These 
were abolished by the removal of the 
tumor. 

The prognosis following stroke has 
been shown to be worsened by the 


presence of an arrhythmia. Mortality 


after all types of stroke was increased 
to 80% in patients with malignant 
ventricular arrhythmias.’ On „the 
other hand, Dimant and Grob" found 
no association between mortality and 
any ECG parameter. This discrepancy 
may reflect differences in the composi- 
tion of the two patient populations. In 
signifi- 
cant correlation with mortality and 
the following ECG characteristics was 
identified: raised ST segments, pro- 
longed QT intervals, and tall U waves.” 
These findings were also associated 
with the demonstration of cerebral 
arterial spasm on arteriography. 

In summary, the evidence for cere- 
brogenic ECG changes -is strong, al- 
though, to our knowledge, there has 
not been a recent systematic study us- 
ing computed tomographic scanning or 
magnetic resonance imaging. The mor- 
phological changes principally indi- 
cate repolarization abnormalities. Of 
particular interest is the demonstra- 
tion of a prolonged QT interval (which 


a 


is associated with electrical instability 


of the ventricular myocardium) in all 
types of stroke, in the absence of hy- 
pokalemia. The occurrence of a ven- 


tricular arrhythmia particularly asso- . 


ciated with a prolonged QT interval 
(torsadè de pointes) in subarachnoid 
hemorrhage is noteworthy. Following 
cerebral hemorrhage or ischemic 
stroke, repolarization changes are pos- 
sibly associated with a poor prognosis. 
There is a suggestion that ECG abnor- 


‘malities in general may occur more 


frequently with lesions in the left fron- 
tal lobe. The ECG changes do not 
appear to be correlated with a history 
of ischemic heart disease. . 

The cause of the ECG changes is ob- 
scure. Their similarity to those pro- 
duced by either intravenous*’ or 
intracoronary” catecholamine infu- 
e5i0n has been noted. This has led to 
* speculation that there is disinhibition 
of hypothalamic or other autonomic 
regulatory centers in some patients 
after stroke, leading to elevated cate- 
cholamine levels and concomitant 
ECG changes. Raised norepinephrine 
levels have been found after cerebral 
infarction” and subarachnoid hem- 
orrhage,” lending some support to this 
hypothesis. 


Sudden Unexpected Epileptic Death, 
Seizures, and ECG Changes 


Sudden unexpected epileptic death 


‘occurs in an otherwise healthy patient 


in the absence of trauma, status epi- 


elepticus, aspiration, or other autopsy- 


identifiable cause.” The incidence 
has been estimated at between 0.05% 
and 0.2%." Mostly, the patients are 


young, and have infrequent seizures. 


diagnosed for longer than 1 year. They 
are usually found dead in bed, or after 
an otherwise typical seizure. Their an- 
ticonvulsant levels are often subther- 
apeutic. At autopsy, no satisfactory 
cause of death is found.’ In the cases 
that have been reported, the patients 
had grand mal seizures either alone or 
in association with complex partial 
seizures. Arrhythmias have been sug- 
gested to cause the terminal event. The 
evidence for this is circumstantial, and 
is presented below. 

The first systematic report of ECG 
and rhythm changes during seizures 
indicated that sinus tachycardia was a 
common finding, irrespective of the 
nature of the convulsion.” In 25% of 
the 17 cases reviewed, T-wave flatten- 
ing indicative of repolarization change 
was the commonest ECG morphologi- 
cal alteration. Similar changes were 
reported in a series of patients with 
temporal lobe seizures.” These were of 
abrupt onset and offset, preceding or 
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omen 


-q 
‘ 


accompanying the aura and unassoci- 
ated with movement. In another 
investigation,® patients were para- 
lyzed and ventilated; generalized sei- 
zures were induced with pentylenetet- 
razol. Tachycardia occurred with the 
onset of all the seizures. In addition, 
frequent atrial and ventricular ectop- 
ics were noted. Qccasional runs of ven- 
tricular tachycardia occurred. The 
ECG showed depression or elevation of 
the ST segment and T-wave inversion. 
These findings have been confirmed in 
more recent studies using simulta- 
neous ambulatory electroencephalo- 
graphic and ECG monitoring.” Sinus 
tachycardia occurring at the time of 
the seizure was seen in 938% of these 


omen 


recordings. Cardiac arrhythmias werf °* 


identified in 52% of all seizures, and 
most frequently comprised a marked 
beat-to-beat variation in the R-R in- 


terval, accompanied by changes in P-® 


wave shape. One patient had recurrent 
episodes of supraventricular tachycar- 
dia associated with the onset of the 
seizure, and three had frequent VPBs. 
Sinus bradycardia was seen in only one 
patient. In other studies, two cases of 
sinus arrest associated with the ictus 
have been reported.’ 

A corollary of the above occurs when 
patients investigated for a cardiac ar- 
rhythmia are found to have epilepsy as 
its basis. Walsh et al described a 
4-year-old boy who was repeatedly in- 
vestigated for paroxysmal supraven- 
tricular tachycardia. The electroen- 
cephalograms disclosed generalized, 
spike and wave discharges statistically 
associated with shortening of the R-R 
interval and leading, on occasion, to 
episodes of supraventricular tachycar- 
dia. Two similar cases were investi- 
gated with cardiac electrophysiologi- 
cal techniques, without any intrinsic 
cardiac cause for the arrhythmia being 
found. In both, a temporal lobe ab- 
normality was detected on the electro- 
encephalogram. Unusually, all three 
patients did not respond to conven- 
tional antiarrhythmic drugs; all re- 
sponded well to antiepileptic medica- 
tion. 

Arrhythmias have also been pro- 
duced by photic stimulation. In one 
patient with secondarily generalized 
seizures, complete sinus arrest coin- 
cided with the onset of the spike and 
wave activity induced by this method.” 
This led to the instigation of cardiac 
resuscitative procedures. Sinus brady- 
cardias and tachycardias have been 
frequently elicited in photosensitive 
epileptics using this technique.” 

In summary, evidence exists for the 
occurrence of sinus or supraventricu- 
lar tachycardia and bradycardia or si- 
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nus arrest during seizures. This im- 
plies a cerebrogenic cause. The con- 
cordance is not absolute; this is 
unsurprising in view of the use of su- 
perficial electrodes to record ‘events 
occurring deep within the brain. High- 
er-grade arrhythmias (such as multi- 
focal VPBs) are rare, and do not appear 
to be more frequent than in the normal 
population.® - 

The origin of sudden unexpected ep- 
ileptic death remains uncertain, owing 
to the absence of any recordings taken 
during this event. The one monitored 
patient who died in intractable ven- 


- tricular fibrillation during a seizure“ 
probably suffered a coincident myo-- 


cardial infarct. As with sudden unex- 
pected death in the healthy population, 
circumstantial evidence suggests an 
arrhythmia as the most likely cause. 


Emotion and Arrhythmias 


Further evidence of cerebral influ- 
ences in the production of arrhythmias 
derives from their occurrence under 
conditions of stress. An early report 
identified a 28-year-old man with a 
history of rheumatic fever and stroke 
who developed either sinus tachycar- 
dia or sinus arrest when suddenly 
startled.” These events were abolished 


.by atropine, implying a vagal mecha- 


nism. 

An unusual case was reported by 
Wellens et al!: the patient, a 14-year- 
old girl, developed periods of torsade 
de pointes only when suddenly aroused 
from sleep by a loud noise. The ar- 
rhythmia did not occur when she 
awoke spontaneously, nor when she 
was suddenly startled while awake. 
When the patient was aroused in this 
fashion, the ECG showed progressive 
prolongation of the QT interval, with 
the fnitial occurrence of VPBs, leading 


to the R-on-T phenomenon, and thence 


to self-limiting torsade de pointes. The 
findings of cardiac electrophysiologi- 
cal investigation were unremarkable. 
The episodes were abolished by pro- 
pranolol hydrochloride and phenytoin 
(Dilantin), suggesting a sympathetic 
component. There was no evidence of 
prolongation of the QT interval in any 
other family members. l 

Other cases of emotionally induced 
arrhythmias have been reported in 
patients who, after thorough investi- 
gation, were shown to have normal 
hearts.®5! The patient of Lown and 
Verrier” responded to 8-blockade, im- 
plying the involvement of sympathetic 
mechanisms. This patient also had 
freguent VPBs, which were abolished 
by the relaxing effect of meditation. 

In another investigation, Lown et 
al” subjected patients with high-grade 
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ventricular ectopics as a result of is- 
chemic heart disease to a variety of 
psychological stresses. This increased 
both the frequency and the grade of 
the ectopics. Reflex methods of in- 
creasing autonomic tone, such as the 
Valsalva maneuver or the head-up tilt, 
had no sucht effect. 

Taggart et al?” studied cardiac ec- 
topic activity in a group of physicians 
submitted to the extreme stress of ad- 
dressing a medical audience. Frequent 
VPBs were noted in 6 of the 23 normal 
subjects, and were multifocal in 2 of 
the 6. However, such ectopics were 
seen in 5 of 7 subjects who had a his- 
tory of ischemic heart disease. Plasma 
norepinephrine levels rose in 21 of the 
23 normal subjects while speaking. 
Epinephrine levels were unaffected. 
Oxprenolol hydrochloride abolished 
both the VPBs and the rise in norepi- 
nephrine, again suggesting the in- 
volvement of the sympathetic nervous 
system. No explanation was given as to 
why only a small proportion of the 
normal subjects developed VPBs de- 
spite a marked rise in norepinephrine 
levels in nearly all the members of this 
group. 

In summary, since both the percep- 
tion and the response to stress require 
some degree of higher mental function, 
the cerebral cortex is likely to be in- 
volved in the production of arrhyth- 
mias under these circumstances. The 
main effector limb appears to be the 
sympathetic nervous system. Taggart 
and colleagues’ observation of raised 
norepinephrine levels alone suggests 
that adrenal-derived catecholamines 
(principally epinephrine) are unlikely 
to play a major role in arrhythmogen- 
esis under conditions of stress. 


Migraine and Cardiac Arrhythmias 


Migraines are commonly associated 
with a variety of autonomic accom- 
paniments. Petersen et al™ described a 
patient with no cardiac history or ab- 
normakties on investigation who suf- 
fered from basilar migraine. On sev- 
eral occasions he was observed to be in 
atrial fibrillation during the attacks. 
In the interim, there was no evidence 
of a cardiac arrhythmia. Russell and 
Storstein” placed five patients with 
paroxysmal hemicrania on Holter 
monitors; two of the five developed ar- 
rhythmias during their attacks, and 
one of these two developed sinoatrial 
block and a slow ventricular escape 
rhythm during 8 of her 10 recorded ep- 
isodes of headache. The other devel- 
oped brief episodes of atrial fibrilla- 
tion during 28 of her 38 recorded 
attacks. Neither patient developed ar- 
rhythmias during symptom-free peri- 
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ods, and neither had a history of car- 
diac problems or abnormalities. 
EVIDENCE FROM ANIMAL STUDIES 

Levy,***’ in a series of articles pub- 
lished between 192 and 1918, first 
suggested that the nervous system 
might be involved in the generation of 
arrhythmias. He observetl that VPBs, 
which occurred in cats under light 
chloroform anesthesia, were blocked 
by cardiac sympathetic denervation 
and could be produced by reflex acti- 
vation of the sympathetic nervous sys- 
tem (for example by bleeding the ani- 
mal). Beattie et al, by showing that 
this arrhythmogenic effect of chloro- 
form was abolished by sherringtonian 
decerebration, thereby implicated the 
central nervous system. The optimum 
plane of section lay between the poste- 
rior edge of the hypothalamus and the 
anterior colliculi. Using the Marchi 
technique, it was deduced that the le- 
sicns severed a tract arising within the 
hypothalamus and ending in the inter- 
mediolateral gray matter of the spinal 
cord, whence the sympathetic pregan- 
glionic fibers originate. 

The clinical evidence already cited 


suggests that cortical mechanisms are 


involved in arrhythmogenesis. Stimu- 
lation of the animal cortex, however, 
has rarely produced cardiac effects. 
Principally, when cardiac effects are 
elicitable, changes in heart rate with- 
out arrhythmias are detected. The 
first report of such changes, described 
by Schiff” in 1875, involved the use of 
surface electrodes. Cortical areas from 
which changes in heart rate subse- 
quently have been produced include 
the sigmoid cortex," frontal lobe, 
subzallosal gyrus,“ septal area,” 
temporal pole, cingulate gyrus, 
subiculum,® and hippocampus.” Large 
currents were used to produce the 
changes; therefore, it is unclear 
whether the responses occurred prin- 
cipally from the point of stimulation, 
from adjacent areas, or even from 
subcortical sites. 

The few reports of ee pro- 
duced during cerebral stimulation in- 
clude investigations that noted the 
elicitation of both atrial and ventricu- 
lar ectopics from the cat subiculum® 
and from the cingulate gyrus and the 
temporal pole.“ In general, cardiac re- 
sponses to cortical stimulation have 
been rare in systematic studies, and 
are usually accompanied by blood 
pressure or respiratory changes.%”7! 
This adds confusion as to whether the 
observed chronotropic responses are 
primary or secondary. 

Electrocardiographic changes indi- 
cative of repolarization abnormalities 
have been reported on stimulation of 
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the feline cerebral cortex. Kenedi and 
Csanda,” using superficial bipolar 
stimulation, noted the appearance of Q 
waves, alterations in the size of the T 
wave and the QRS complex, and eleva- 
tion or depression of the ST segment. 
These were most commonly seen on 
stimulation of the sigmoid gyrus and 
the anterior sylvian and ectosylvian 
gyri. Similar changes. have been seen 
on hippocampal stimulation.” In this 


instance, prolongation of the QT inter- . 


val was also recorded. In a few cases, 
the changes outlasted the stimulation 
by several hours, leading to ventricu- 
lar fibrillation. Unfortunately, the ef- 
fects of the stimulation on respiration 
and blood pressure were not reported; 


organization. Stimulation of the ante- 
rior regions resulted in a.bradycardia 
and a depressor effect. These effects 
were abolished by vagotomy. Stimula- 
tion of the posterior hypothalamus re- 
sulted in a marked pressor response, 
with little change in heart rate. Ar- 
rhythmias were frequently encoun- 
tered, in contrast to the stimulation of 
the anterior regions. These consisted 
of atrial and ventricular ectopic beats, 
a wandering pacemaker, heart block, 
and ventricular tachycardia. Unspeci- 
fied changes in T-wave shape were al- 
so detected, implying repolarization 
changes. Weinberg and Fuster” con- 
firmed these results, and showed that 
the arrhythmias were most easily elic- 


Y 


it is therefore unclear whether these® *4ted from the posterolateral area of , 


changes were primary or secondary. 
As there is no report of the electroen- 
cephalographic pattern, it is similarly 


difficult to exclude afterdischarges as © 


the cause of the persistence of the ECG 
effects. 

Reis and Oliphant’ demonstrated 
consistent bradycardia responses to 
stimulation of the squirrel monkey 
amygdala. These were accompanied by 
changes in respiration and blood pres- 
sure In many instances. Sinus arrest, 
heart block, and nodal rhythm were 
also elicitable on stimulation of this 
area. Tachycardia was observed less 
often, and was generated by stimula- 
tion of fiber tracts within the external 
capsule. 

Skinner and Reed,” using a cryo- 
probe, blocked a pathway originating 
in the frontal granular cortex, which 
passes through the posterior hypo- 
thalamus. This either abated or com- 
pletely abolished the onset of ventric- 
ular fibrillation in conscious, stressed 
pigs subjected to coronary artery OC- 
clusion. 

Contrasted with the infrequent elic- 
itation of cardiac responses on stimu- 
lation of the cortex is the relative ease 
with which arrhythmias can be ob- 
tained on stimulation of the hypathal- 
amus and certain brain-stem areas. 
This may reflect the compact organi- 
zation of subcortical autonomic nuclei 
and tracts, compared with the more 
diffuse nature of cortical sites. Beattie 
et al” first demonstrated that stimu- 
lation of the lateral hypothalamus in 
cats resulted in frequent ventricular 
ectopy. A sinus tachycardia with de- 
creased atrioventricular conduction 
time was also observed. Occasional 
ventricular tachycardia occurred. The 
QRS shape was unchanged. These ef- 
fects were shown to derive from acti- 
vation of the sympathetic system. 

Korteweg et al” demonstrated that 
the hypothalamus has a chronotropic 


the hypothalamus. They also demon- - 


strated that multifocal ventricular ec- 
topics frequently occurred on stimula- 
tion of this site and that the QRS com- 
plex and the T wave increased in size, 
preceding the onset of ventricular ta- 
chyarrhythmia. This indicated both 
depolarization and repolarization 
effects of stimulation. The morpholog- 
ical changes were identical to those 
seen after infusion of catecho- 
lamines.” Their further experiments” 
indicated that tachycardia alone oc- 
curred from stimulation of the poster- 
omedial region of the hypothalamus, 
whereas the morphological changes 
and the ventricular arrhythmias were 
generated from the posterolateral 
area. Melville et al” obtained similar 
results, and showed their persistence 
after vagotomy. Furthermore, pro- 
longed bilateral hypothalamic stim- 
ulation” has resulted in changes in the 
T-wave and QT prolongation, which 
outlasted the stimulation by several 
hours. The electroencephalographic 
findings were not recorded; therefore, 
the presence of afterdischarges was 
not ascertained. Infusion of propra- 
nolol hydrochloride blocked these ef- 
fects, again suggesting a sympathetic 
mechanism. 

Although of considerable interest, it 


‘is unclear exactly how specific such lo- 


calization experiments are. Electrical 
stimulation affects both nuclear 
groups and fibers of passage, which are 
numerous both within, and adjacent 
to, the hypothalamus. Likewise, the 
large currents used could have influ- 
enced areas outside this region. 

At least five hypothalamic nuclear 
groups have been shown to project to 
the spinal cord, primarily to areas in- 
volved in nociceptive and autonomic 
control. To our knowledge, there has 
been no attempt to correlate these 
with specific cardiac effects, but with 
better techniques of microstimulation 
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‘and chemical stimulation, this should 


be possible in the future. 

Stimulation of the hypothalamus 
has been shown to lower the threshold 
for the produztion of ventricular ar- 
rhythmias by peripheral mechanisms. 
A technique was developed fgr scan- 
ning the vulnerable perioc of the T 
wave, during which electrical stimula- 
tion can evoke 4 VPB.® Such ectopics 
always preceded the occurrence of ven- 
tricular fibrillation, and served as a 
marker for it. The current strength at 
which multiple ectopics could be gen- 
erated by this means was recorded as 
the threshold. Stimulation of the pos- 
terior region of the hypothalamus in 
the dog reduced the threshcld by 40%. 


This effect was abolished by ĝe» 


blockade but not by vagotomy or adre- 
nalectomy. - 

Effects on heart rate have also been 
obtained on stimulation of the braine 
stem. Tachyeardia, atrioventricular 
block, nodal rhythms, and ventricular 
ectopics have been found on stimula- 
tion of the thalamus and central gray 
area. It is dificult, however, to be en- 
tirely sure of the precise localization of 
the response, owing to the size of the 
current used. Similar considerations 
apply to the stimulation of the mesen- 
cephalic reticular formation between 
the red nucleus and the substantia 
nigra.” This has resulted in tachyear- 
dia, a wandering atrial pacemaker, 
nodal rhythm, and multiple atrial ec- 
topies. A large rise in blood pressure 
has also occurred, producing uncer- 
tainty as to whether the ECG changes? 
were primary or secondary. Stimula- 
tion of the dorsal vagal nucleus, the 
nucleus ambiguus, and the nucleus of 
the solitary tract, in addition to pro- 
ducing the expected bradycardia, has 
resulted in atrial fibrillation.© Stimu- 


lation of the corpora quadrigemina has 


yielded results identical to those 
elicited by posterior hypothalamic 
stimulation.” Sinus arrest has also 
been observed on stimulation of the 
brachium conjunctivum in the mid- 
brain.® It is likely, however, that stim- 
ulation at this site produces its effects 
via the parabrachial nucleus, a region 
that has been shown to engender 
bradycardia or tachycardia together 
with a rise in blood pressure. 
Pressor effects, accompanied by ta- 
chyecardia and multifocal ventricular 
ectopics, were obtained on stimulation 
of the fastigial nucleus.® Electrocar- 


diographic changes elicitable at this 


site included shortening of the PR in- 
terval and widening of the QRS com- 
plex. These effects were abolished by 
propranolol hydrochloride. 

Lown et al? used the T-wave scan- 
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ning method previously discussed to 
investigate the effects of emotional 
stress on the myocardium. Dogs were 
placed in a sling and given a series of 
conditioning electrical shocks. Subse- 
quently, they were placed in the con- 
traption without stimulation, which 
produced a conditioned stress re- 
sponse. This lowered the threshold for 
the generation of VPBs when com- 
pared with unconditioned control ani- 
mals. The effect was abolished by 
6-blockade, again implicating the 
sympathetic nervous system. This ex- 
periment adds to the clinical evidence 
implicating stress in arrhythmogene- 
sis and in sudden death. 

Further evidence for cerebral ar- 
rhythmogenesis comes from a consid- 
eration of experimental epilepsy. 
Lathers and Schraeder® induced sei- 
zures in paralyzed ventilated cats, 
using pentylenetetrazol. Recordings 
were taken from two separate 
branches of the cardiac sympathetic 
nerve and from the cardiac vagus. 
With low doses of pentylenetetrazol, 
interictal spikes occurred which were 
associated with an increase in cardiac 
sympathetic nerve and vagal activity. 
Occasional ventricular ectopics accom- 
panied this, together with changes in 
ECG shape comprising ST-segment el- 
evation or depression, changes in P- 
wave shape, and both increases and 
decreases in PR and QT interval dura- 
tion. As the dose of pentylenetetrazol 
was increased, there was a concomi- 
tant increase in ictal activity, which 
was accompanied by an imbalance in 
the firing patterns of the two cardiac 
sympathetic nerve branches and in 
vagal activity. Variability in firing 
rate increased. At high doses of penty- 
Jenetetrazol, the animals died either of 
ventricular fibrillation or asystole. In 
the former instance, there was a 
marked increase in neural discharge in 
one branch of the cardiac sympathetic 
nerve and there was a decrease in the 
other. In the latter case, there was an 


abrupt cessation of all cardiac-neural 


discharge. 

Bursts of activity occurring within 
the carfdiae sympathetic nerves have 
been found to be synchronized with ic- 
tal and interictal spikes.” The activity 
was intermittent, and differed be- 
tween the various branches of the car- 
diac sympathetic nerve. Occasional 
VPBs were sometimes associated with 
this synchronization, but more fre- 
quently, the association was with 
changes in the shape of the ECG, as 
already described. 

Randall et al” have suggested that 
different branches of the cardiac sym- 


pathetic nerve supply different areas 
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of the ventricular myocardium. Imbal- 
ances in the activity of these various 
branches, and between. the sympa- 
thetic and parasympathetic nervous 
systems, produce inhomogeneity in 
cardiac depolarization and repolariza- 
tion, allowing the appearance of irri- 
table foci,e reentrant circuits, and 
ventricular ectopics. Lathers and 
Schraeder® suggest that such mecha- 
nisms may arise even during a normal 
seizure and, in the presence of subther- ’ 
apeutic anticonvulsant levels, result in 
the production of malignant arrhyth- 
mias and in sudden death. 

An artificial epileptic focus was cre- 

ated within the pseudosylvian gyrus of 
the cat, using tungstic acid.” This area 
is equivalent to the primate insula. 
Electrocardiographic changes during 
ictal activity, comprising ST-segment 
elevation or depressien and T-wave 
inversion, were noted. The seizures did 
not produce motor activity, but fea- 
tures suggestive of complex partial 
fits. When foci were placed in either 
the hippocampus or the amygdala, 
generalized tonoclonic convulsions 
occurred, unaccompanied by ECG 
changes. 
, In another epilepsy model,” a peni- 
cillin focus was createc in the rat thal- 
amus, and extracellular recordings 
were obtained from cells in the ante- 
rior and posterior hypothalamic nu- 
clei. Following the creation of the foci, 
hypothalamic cells fired in irregular 
bursts, concurrent with which associ- 
ated periods of sinus and nodal brady- 
cardia, sinus arrest, and occasional 
bigeminy occurred. 


CEREBRAL ARRHYTHMOGENESIS: 
SYNTHESIS AND SPECULATION 


Considerable evidence has been 
marshalled implicating the central 
nervous system in the production of 
cardiac arrhythmias. This may occur 
spontaneously in a rormal myocar- 
dium or interact with underlying is- 
chemię heart disease. A provocative 
stressful stimulus could thus result in 
sudden death in a compromised, is- 
chemic heart or add to the mortality 
following myocardial infarction by the 
generation of arrhythmias. Cerebral 
mechanisms may also underlie sudden 
death during an epileptic seizure. 

The mechanism of arrhythmia pro- 
duction at the cardiac level is still un- 
clear. Evidence has been presented 
that catecholamine levels may be ele- 
vated after stroke or subarachnoid 
hemorrhage. Infusion of catechola- 
mines has been shown to produce sub- 
tle myocardial damage in a variety of 
species.” Similar changes have been 
observed in the hearts of patients 
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dying of stroke” ‘or subarachnoid 
hemorrhage.” Conceivably, such dam- 
aged regions might serve as a focus of 
electrical instability, allowing the pro- 
duction of ventricular arrhythmias. 

An alternative explanation is- that 
elevated catecholamine levels play a 
role in the production of the neuro- 
genic pulmonary edema that has been 
observed after the occurrence of a va- 
riety of cerebral lesions. The hypoxic 
conditions so produced may result in 
acidosis and subsequent arrhyth- 
mias.??"8 

Despite the long history of interest 
in the area, there has been little evi- 
dence from animal studies to suggest 
the presence of a cortical cardiac ar- 
rhythmogenic or even a chronotropic 
center. When changes in heart rate or 
arrhythmias have been produced, they 
have usually been accompanied by res- 
piration and blood pressure effects, 
generating confusion as to whether the 
cardiac rhythm alterations are pri- 
mary or secondary. Similarly, these 
investigations employed large noncon- 
stant currents, rather than microstim- 
ulation, making precise localization of 
the productive site difficult. 

More consistent results have been 
produced by stimulation of the hypo- 
thalamus, although respiratory and 
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blood pressure changes also occur, and 
the other reservations concerning lo- 
calization and stimulus strength still 
apply. It is difficult, however, to believe 
that the hypothalamus represents the 
highest cerebral level of cardiac rep- 
resentation. Clinical observations still 
provide the best evidence that cortical 
mechanisms are involved. 

The insula represents a cortical area 
that might be hypothesized, a priori, to 
be involved in arrhythmogenes:s. This 
region has profuse interconnections 


with the limbic system, the hypothal- 


amus, and other areas involved in au- 
tonomic, control.”'® There is also a 
marked autonomic afferent input.'® 
This area would thus be admirably 


ralose-anesthetized rats, we have 


shown that a chronotropic organiza- 
tion does indeed exist within the rat 


insular cortex.’ Stimulation of the 


rostral posterior insular region results 
in tachycardia, whereas the caudal 
posterjor insula engenders bradycar- 
dia. This occurred in the absence of 
confounding changes in blood pressure 
or respiration. To ouf knowledge, it is 
the first time that a c8rtical site has 
been shown to produce consistent 
changes in heart rate without associ- 
ated autonomic and respiratory ef- 
fects. As yet, we have been unable to 
produce arrhythmias by stimulating 
this region. This probably reflects the 
relative stability of the rat myocar- 


placed to integrate emotional and au-® edium under a-chloralose anesthesia. 


tonomic states. Middle cerebral artery 
occlusion in the cat and the rat has 
been demonstrated to produce a rise in 
plasma catecholamine levels, and to 
result in myocardial damage only 
when the insula is involved in the 
infarction.'?!° This could conceivably 
underlie the ECG changes seen after 
stroke. Similarly, the insula is tke fre- 
quent site of ictal activity and could 
therefore be involved in the autonomic 
effects identified in temporal loke sei- 
zures. 

Using, microstimulation in o-chlo- 
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Accuracy and Interobserver Variation in the Interpretation 
of Computed Tomography in Solitary Brain Lesions 


J. J. Heimans, MD; M De Visser, MD; C. H. Polman, MD; J. Nauta, PhD; W. Kamphorst, MD; D. Troost, MD 


è The clinical data and computed tomo- 
graphic findings of 64 patients with soli- 
tary. supratentorial brain lesions were 
presented to two panels of six experi- 
enced clinicians. The diagnoses predicted 
by these clinicians were compared with 
each other (interobserver variation) and 
with the definite diagnosis, which in al- 
most all cases was based on histologic 
examination of the involved tissue (validi- 
ty of predicted diagnosis). The Interob- 
server agreement was only moderate. The 
predicted diagnoses agreed with the def- 
inite diagnoses in only 57% of cases. A 
high number of errors were made in distin- 
guishing between high-grade and low- 
grade glioma and between high-grade 
glioma and cerebral metastasis, and in the 
detection of primary cerebral lymphoma. 
Possible implications of these findings for 
clinical practice are discussed.. 

(Arch Neurol. 1990;47:520-523) 


i recent years many studies have fo- 

cused on interobserver agreement 
in clinical and computed tomographic 
(CT) scan findings, especially in pa- 
tients with stroke.'* These investiga- 
tions have indicated that significant 
variations can exist among experi- 
enced clinicians in both clinical and 
radiologic diagnoses. 

Currently, CT is a major diagnostic 
tocl in cases of suspected brain disease. 
Derisions on further diagnostic steps 
and modes of therapy are primarily 
based on the diagnosis that results 
from the interpretation of the clinica] 
picture in combination with CT scans. 

We examined the validity of this ex- 
pected diagnosis as well as the inter- 
observer agreement in a series of pa- 
tients with histologically proven soli- 
tary supratentorial brain lesions who 
were treated in either of the two aca- 
demic hospitals in Amsterdam, the 
Netherlands. Clinical records and CT 
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scans collected in one hospital were 


interpreted by specialists in the other 
and vice versa. A further aim of the 
study was to find out if a certain pat- 
tern could be recognized in any misin- 
terpretation of data. 


MATERIALS AND METHODS 
We examined retrospectively a random- 


ized sample (n =64) of all CT scans made in ` 
both academic hospitals in Amsterdam.e es 


(Free University Hospital and Arademic 
Medical Center) in 1985 and 1986. Inclusion 
criteria were that a supratentorial solitary 
brain lesion was demonstrated both before 
and after intravenous contrast injection, 
and the patient's clinical course was well 
documented. The scanners used were a So- 
matosom DR 3 (Siemens; Erlangen, West 
Germany) in one hospital and a Philips 
T350 (Philips, Eindhoven, the Wether- 
lands) in the other. Slices were made at 
distances of 6 or 8 mm. Although in both 
hospitals, intravenous contrast injection is 
generally not given in patients with (sus- 
pected) ischemic lesions, 5 of the 64 patients 
appeared to have a brain infarction. This 
(definite) diagnosis was confirmed by a 
clinical follow-up of at least 1 year in all 5 
patients and by angiographic analysis in 4 
of the 5. In the remaining 59 patients a 
craniotomy had been performed for diag- 
nostic and/or therapeutic reasons (Table 1), 
which implies that in these patients the 
definite diagnosis had been confirmad his- 
tologically. Patients in whom only a stereo- 
tactic biopsy had been performed were ex- 
eluded from this study. Patients who had 
undergone a previous cranial operation 
were also excluded. 

The histopathologic sections of each tis- 
sue were examined independently by two 
neuropathologists; cases were included only 
if both neuropathologists completely 
agreed on the histologic diagnosis. 

Low-grade gliomas were defined to be as- 
trocytomas grade 1 or 2 {according to the 
criteria of Kernohan and Sayre’) and oligo- 
dendrogliomas grade A or B (according to 
the criteria of Smith et al‘). High-grade 
gliomas were defined to be astrecvtomas 
grade 3 or 4 and oligodendrogliomas grade 
Cor D. In four of the nine cases in which the 
histologic diagnosis was cerebral matasta- 
sis, there was no known primary tumor. 

The 64 cases were represented by sheets 
of CT scan pictures and a summary of the 
medical history, the findings of the general 
physical and neurologic examinations, and 
the laboratory findings. The 30 casas se- 
lected in hospital A were independently 
evaluated by six experienced clinicians (two 
heuroradiologists, two neurologists, and 
two neurosurgeons) in hospital B, as were 
the 34 cases from hospital B evaluated in 
hospital A. This procedure was chosen to 


prevent physicians from recognizing clini- 
cal histories or CT scans fgom patients they 
had treated. Each clinician reviewed the 
sets of films and the clinical history of each 
case individually and without knowledge of 
the diagnosis made by the other observers 
or the true diagnosis. The expected diagno- 
sis was indicated on a form with the fol- 
lowing items: (1) cerebral infarct; (2) low- 
grade glioma; (3) high-grade glioma; (4) 
abscess; (5) malignant lymphoma; (6) me- 
*tastasis; (7) meningioma; and (8) other di- 
agnosis. The‘ instructions before interpre- 
tation were to indicate the most probable 
diagnosis of the diagnoses listed or to add a 


e different diagnosis in the “other” category. 


Moreover, the observers were told that CTs 
were randomly selected from a 2-year ex- 
perience of histologically proven solitary 
brain lesions and were not a selection of 
difficult cases. To give an example, the data 
of two patients are presented below as they 
were given to the panel of clinicians, with 
the exception that only some relevant CTs 
are included, whereas the observers were 
provided with the complete series. 


REPORT OF CASES 


Case 1.—-A 39-year-old man had begun to 
have headaches about 4 years before ad- 
mission that had been attributed to emo- 
tional stress. The last 4 weeks before 
admission his- headaches had been more 


ọ prominent; he was admitted because of 


progressive vomiting. The results of the 
general physiéal examination were normal 
on admission. Neurologic examination re- 


vealed decreased alertness, aphasia (main- ` 


ly receptive), and a slight right-sided hemi- 
paresis. Blood laboratory test results were 
all normal. A CT scan of the brain showed 
a left-sided lesion (Fig 1). 

Five of the six observing clinicians con- 
sidered the lesion to bea high-grade glioma, 
whereas the remaining one diagnosed a 
low-grade glioma. The histologic diagnosis 
after craniotomy was high-grade malig- 
nant glioma. 

CASE 2.—-A 59-year-old woman was ad- 
mitted because of weakness in her right 
arm and leg. She had been well until 10 days 
before admission, when left-sided head- 
aches developed. Three days before admis- 


sion she noted weakness in the right leg; on 


the following day it occurred in the right 
arm. No abnormalities were found on gen- 
eral physical ‘examination. On neurologic 
examination, a right-sided homonymous 
hemianopia and a slight right-sided hemi- 
paresis were noted. Blood laboratory inves- 
tigations showed no abnormalities. A CT 
scan of the brain showed a left-sided lesion 
(Fig’2). 

The predicted diagnosis of three clini- 
cians was high-grade glioma; malignant 
lymphoma, metastasis, and meningioma 
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as 


were chosen once each. The nbtologic diag-- pats 
nosis was cerebral metastasis. Table 1.—Number of Cases for Each Diagnosis In Both Hospitals 


STATISTICAL METHODS No. of Cases 
eT 
To measure the interobserver agreement, Cases A, Cases B, 


Observers B Observers A Total 





the x coefficient for multiple raters was 
used.” The x coefficient measures the ob- 
served amount of agreement corrected for Low-grade glioma 
the amount of agreement expected by High-grade glioma 
chance alone. Like the correlatiom coeffi- prenan 

cient, this statistic can vary between —1 7 
(complete disagreement) and 1 (perfect 
agreement). Its vafue is 0 when the agree- 
ment is that exjfected by chance. 


RESULTS 
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Total 3 


In Table 2, the overall results for 
both hospitals are summarized. Three 
hundred eighty-four diagnoses were 
made, of which 165 (43% ) were not in 
accordance with the definite diagnosis. 
Table 3 shows the agreement betweere ° 
definite diagnosis and predicted diag- 
nosis, and where the major errors were 
made. 

Infarcts were misinterpreted as low- e 
grade gliomas in 16.7% of the cases. 
Low-grade gliomas were mistaken for 
high-grade gliomas in 16.7% of the 
cases. In 25.8% of the cases of high- 
grade glioma, the predicted diagnosis 
was metastasis. 

There was only one case of cerebral 
abscess. The clinical data included 
high fever, meningismus, and deterio- 
ration within a few days. All six ob- 
servers made the correct diagnosis in 
this obvious case. 

In the five cases (30 diagnoses) of 
malignant lymphoma, only 16.7% of 
the answers were correct. The diagno- 
sis of meningioma was erroneously 
made in 40% of these cases. The most 
frequent misdiagnosis in the patients 
with metastasis was high-grade 
glioma (22.2% of the answers). This 
diagnosis was exclusively made in 
those cases in which there was no 
known primary tumor. In the cases of 
meningioma, 70.8% of the answers 
were correct. There appeared to be no 
preferential misdiagnosis. 

The diagnoses in the “other” cate- 
gory were arteriovenous malforma- 
tion (five times in cases of low-grade 
glioma, once in a case of malignant 
lymphoma, and once in a case of cere- 
bral infarct), meningiosarcoma (in one 
case of malignant lymphoma and one 
case of meningioma), intracerebral 
hemorrhage (in one case of low-grade 
glioma and one case of malignant lym- 
phoma), germinoma (in one case, of 
low-grade glioma), and ependymoma 
(in one case of malignant lymphoma). 

It was a remarkable finding that 
even when a clear majority (four, five, 
or all six) of the clinicians agreed on a 
diagnosis, the diagnosis did not always 
turn out to be correct. The diagnosis Fig 2.—Patient 2. Computed tomographic scan of the brain before (left) and after (right) intrave- 
appeared to be incorrect in 3 of 8 cases nous contrast injection. 





Fig 1.—Patient 1. Computed tomographic scan of the brain before (left) and after (right) intrave- 
nous contrast injection. 
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that 4 observers agreed on, in 7 of 20 diagnoses by two different observers. the value d CT with regard to diag- 
cases that 5 observers agreed on, and Interobserver disagreement was espe- nostic accuracy in determining the 
in 1 of 12 cases that all observers cially marked in distinguishing be- precise nature of a lesion (for example, 
agreed on. tween low-grade and high-grade gli- a neoplasm) or the degree of malig- 

The results for the interobserver oma and between metastasis and high- nancy is not exactly established.!? Cla- 
agreement are reflected in Table 4.The grade glioma. The « coefficients were veria et al® demonstrated the diagno- 
data were analyzed for both hospitals 0.50 for the observers of hospital Aand sisof glioma to be correct in about 70% 
separately. The table shows the per- 0.47 for the observers of hospital B, re- of cases without intravenous contrast 


centages of times in which one ob- spectively. and in 90% following injection. Me- 
server in a given case mgde one diag- COMMENT tastases, radionecrosis, and cerebral 
nosis, while another observer made a infarcts were the main causes of mis- 


different diagnosis. Such percentages It has been clearly demonstrated diagnosis in their stifdy. Kazner et al'4 
are estimates of the probability thata that CT scanning is highly reliable in and Silverman and Marks suggested 
random case is assigned two different detecting cerebral tumor.™! However, that the presence or absence of con- 
trast enhancement permits a guide to 
the degree of malignancy. However, it 
was recently demonstrated by Cham- 
berlain et al that neither the presence 
nor the absence of contrast enhance- 
ment of the tumor on CT correlates 





Table 2.—Total Number of Correct and Incorrect Diagnoses From Computed 
Tomograms (CTs) in Both Hospitals 






CT A, CT B, CT A +B, 









Observers B Observers A Observers A + B © eavith the tum or histol ogy. 
[otal No. of cases sa = = In designing this study we at- 
Total No. of diagnoses 180 204 384 






tempted to imitate the clinical setting 
in which the diagnosis is made on the 
e basis of clinical data and CT examina- 






Correct diagnoses, No (%) 95 (53) 124 (60) 219 (57) 
Incorrect diagnoses, No. (%) 85 (47) 80 (40) 165 (43) 


Table 3.—Agreement Between Predicted Diagnosis and Definite Diagnosis in 64 Cases With Supratentorial Solitary Brain 
Lesions by All Observers in Two Hospitals 








Predicted Diagnosis, % Agreement 


a A 0 EE a RE he ee eT ee 


Low- High- 
Grade Grade Malignant Other 
Definite Diagnosis Infarct Glioma Glioma Abscess Lymphoma Metastasis Meningioma Diagnoses Total 


Infarct 

Low-grade glioma 
High-grade glioma 
Abscess 

Malignant lymphoma 
Metastasis 
Meningioma 





*These are the percentages in which the correct diagnosis was made. 


Diagnosis by Other Observer, %t 


A D 
High- 


Low- 
Diagnosis by . Grade Grade Malignant Other 
One Observer Infarct Glioma Glioma Abscess Lymphoma Metastasis Meningioma Diagnoses 


Hospital A 
Infarct > f j 0.0 


Low-grade glioma 
High-grade glioma 
Abscess 

Malignant lymphoma 
Metastasis 
Meningioma 

Other diagnoses t 
Hospital B 
Infarct : f i 0.0 
Low-grade glioma 
High-grade glioma 
Abscess 

Malignant lymphoma 
Metastasis 
Meningioma 

Other diagnoses 


*Data under hospital A are cases from hospital A and observers from hospital B. Data under hospital B are cases from hospital B and observers from Hospital A. 
tData are percentages in which one observer made the diagnosis listed in the left-hand column and a second observer made the diagnosis listed in the column head. 
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tion. Du Boulay et pin that the 
radiologic diagnosis is easily biased by 
the clinical expectation. McNeil et al’ 
found, however, asmall but significant 
improvement in the interpretation of 
CT scans in the presence of a complete 
clinical history. Choksey et al'* showed 
marked variation in confidence in 
making a CT diagnosis betweeg three 
experienced neuroradiologists. There- 
fore, we have emphasized the interob- 
server agreement rather than the de- 
gree of certainty of individual elini- 
cans. 

The use of angiography in the diag- 
nosis of brain tumors is debatable, but 
it may play a supplementary role in 
showing abnormalities such as tumor 
vessels or early draining veins in ma- 
lignant cases. Since only a minority of 


the patients were subjected to this* ° 


neuroradiologic procedure, we re- 
frained from providing angiographic 
data to the observers. 


In our study the collected cases were ® 


a random sample from all cases in 
which a supratentorial solitary brain 
lesion had been demonstrated on CT 
before and after administration of in- 
travenous contrast. 

Since in both hospitals intravenous 
contrast is only given in cerebral in- 
farcts when there is serious doubt 
about the diagnosis, the five cerebral 
infarcts included in this study are not 
representative of the total population 
of cerebral infarcts. Therefore, the 
70% rate of correct diagnoses is prob- 
ably too low to represent the real 
accuracy of diagnosing cerebral in- 


farction on the basis of clinical data á 


and CT findings. 

Low-grade gliomas were mistaken 
for high-grade gliomas in 16.7% of 
cases. The histologic diagnosis in glio- 
mas was based on material that was 
obtained at craniotomy by biopsy or 
(partial) surgical resection of the tu- 
mor. A recurrent problem in assess- 
ment of the histopathologic signifi- 
cance of radiographic changes is the 
uncertainty that representative tissue 
samples are being examined. Given the 
variability in grading of tumors in 
specimens taken from different sites, 
this is clearly a major problem. In a 
series of 295 glioblastomas (including 
41 recurrent glioblastomas), the initial 
diagnosis based on CT and clinical 
findings was correct in 69.8% of the 
cases. Although the observers in our 
study made use of more modern equip- 
ment, the percentage of correct diag- 
noses in our cases of high-grade glioma 
was even lower (53.8% ). However, it 
should be realized that in our series, 
gliomas graded 3 and 4 were also 
included and that patients with previ- 
ous operations were excluded. Our 
data indicate that the most common 
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misdiagnosis (25.8% ) was metastasis. 

The diagnosis of a primary cerebral 
lymphoma appeared to be extremely 
difficult, as illustrated by a correct di- 
agnosis rate of 16.7%. This is in accor- 
dance with the findings of Cellerier et 
al, who reported that CT features in 
a series of 19 cases varied widely and 
differential diagnoses included menin- 
gioma, glioma, and metastasis. 

As could be expected, the predicted 
diagnosis of cerebral metastasis was 
often correct in patients with known 
primary malignancies, whereas in 
cases without known malignancies 
mistakes were often made. In particu- 
lar, malignant glioma was often the 
diagnosis in these cases. 

Regarding interobserver agreement 
we found «x coefficients of 0.47 and 0.50. 
Coefficients between 0.40 and 0.80 in- 
dicate moderate to substantial agree- 
ment.” 

The data on the agreement among 
all observers as shown in Table 4 can 
be compared with the data on the 
agreement between definite diagnosis 
and predicted diagnosis as shown in 
Table 3. It is remarkable that the 
results for both hospitals are highly 
comparable regarding the major dis- 
agreements. These were the distinc- 
tions between low-grade and high- 
grade glioma and between metastasis 
and high-grade glioma, and the recog- 
nition of primary cerebral lymphoma. 
It is important to stress the fact that 
even when a majority of the clinicians 
independently agreed on a certain di- 
agnosis, this expected diagnosis did 
not always turn out to be correct. This 
means that to facilitate the choice of 
therapy in patients with solitary brain 
lesions (especially when there is no 
known primary malignancy), a histo- 
logic verification of the presumed di- 
agnosis is obligatory. 

Tħe results of this study show that it 
is important to develop methods that 
contribute to the distinction of high- 
grade gliomas on the one hand and 
low-grade gliomas and metastases on 
the other hand, or that may identify 
special characteristics of cerebral lym- 
phomas. The greatest impact of the 
relatively large error rates can be ex- 
pected in cases in which an infarct is 
mistakenly diagnosed as a neoplasm, 
because the consequence of this might 
be that a biopsy of a cerebral infarct is 
erroneously performed. Magnetic res- 
onance imaging using gadolinium en- 
hancement might be superior to CT in 
distinguishing between the diagnoses 
mentioned. 
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Periventricular and White Matter Magnetic Resonance 
Imaging Hyperintensities Do Not Differ Between 
Alzheimer’s Disease and Norma] Aging. 
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èe We studied normotensive and nondi- 
abetic subjects, free of cardiac disorders, 
to determine whether Alzheimer’s disease 
is a possible factor of magnetic resonance 
imaging (MRI) white matter or periventric- 
ular hyperintensities, and to investigate 
relationships between computed tomo- 
graphic scan and MRI changes. We failed 
to reveal (1) any difference in the severity 
of MRI white matter and periventricular 
hyperintensities between patients and 
controls, (2) any correlation of MRI white 
matter and periventricular hyperintensi- 
ties with either ages or Mini-Mental State 
Examination scores. We found (1) a poor 
interobserver agreement, and (2) a corre- 
lation between computed tomographic 
scan and MRI white matter changes but not 
between computed tomographic and MRI 
periventricular changes. We conclude that 
MRI periventricular and white matter hy- 
perintensities are frequent incidengal find- 
ings in the elderly and do not significantly 
differ between patients with Alzheimer’s 
disease and healthy controls. 

(Arch Neurol. 1990;47:524-527) 


W hite matter lucencies, so-called 
leuko-araiosis,! have been found 
on computed tomographic (CT) scans 


0 ES a eet Ore A eee 
Accepted for publication September 29, 1989. 
From the Association for the Study and Re- 

search on Alzheimer’s Disease, and the Depart- 

ments of Neurology (Drs Leys, Soetaert, Petit, 
and Fauquette), Neuroradiology (Dr Pruvo), and 

Nuclear Magnetic Resonance Imaging (Dr Stein- 

ling), University of Lille (France). 

Reprint requests to the Service de Neurologie, 

Hôpital B, 59037 Lille Cédex, France (Dr Leys). 


524 Arch Neurol—Vol 47, May 1990 


of healthy elderly subjects.?4 They are 
correlated to age, mean systolic blood 
pressure, and cardiovascular diseases, 
but not to sex.’ In demented patients, 
such lucencies usually are correlated 
to the severity of dementia, and are 
more prominent in multi-infarct de- 
mentia than in Alzheimer’s disease 
(AD), =< and more common in patients 
with AD than in normal subjects.‘ 
Finding changes in cerebral white 
matter of patients with AD is not sur- 
prising, since Brun and Englund’ re- 
ported deep white matter symmetrical 
changes at autopsy in more than 60% 
of patients with senile dementia of the 
Alzheimer type; they found partial 
loss of myelin sheaths, axons, and oli- 
godendroglial cells, and mild reactive 
astrocytic gliosis. Their patients were 
not hypertensive and had no white 
matter hypertensive vascular changes, 
although hyaline fibrosis had been re- 
ported in their white matter vessels. 
Proton magnetic resonance imaging 
(MRI) offers a means of displaying 
brain morphology that might yield 
more information than that currently 
provided by CT scans.” Nevertheless, 
incidental white matter hyperintensi- 
ties (WMHs) have been identified on 
MRI in both apparently healthy con- 
trol subjects'*"' and patients with AD.’ 
In this study we undertook the fol- 
lowing: (1) To determine whether or 
not AD is a possible factor of MRI 
WMHs or periventricular hyperinten- 
sities (PVHs) independently of usual 
extracerebral factors such as hyper- 


tension, diabetes mellitus, and cardiac 
diseases,”!! we compared the severity 
of MRI white matter changes between 
patients with AD and controls, includ- 
ing only normotensive and nondiabetic 
subjects free of cardiac diseases in the 
two groups. (2) To investigate the re- 
lationship between CT and MRI 
periventricular and white matter 
changes, we compared CT and MRI 
brain images of patients with AD. We 
did not study brain atrophy. 


SUBJECTS AND METHODS 
Subjects 


Forty-two subjects (31 with AD and 11 
controls) were initially included in this 
study. To avoid presumed factors of MRI 
white matter changes*"' and to compare 
homogeneous groups differing only by their 
neurologic state (AD vs control), we ex- 
cluded hypertensive subjects (2 with AD 
and 1 control), diabetic subjects (1 with AD 
and no controls), subjects with cardiac dis- 
eases (1 subject with AD already excluded 
for hypertension and no controls), and sub- 
jects whose MRI examinations were not 
technically perfect (11 with AD and no con- 
trols). Only the remaining 27 subjects (17 
with AD and 10 controls) were included in 
the statistical analysis of MRI data, but the 
level of interobserver agreement was stud- 
ied in the initial 42 subjects. 

The diagnosis of probable AD was made 
according to criteria of the National Insti- 
tute of Neurological Disorders and Stroke/ 
Alzheimer’s Disease and Related Disorders 
Association.’ This group included 12 
women and 5 men, aged 64.53 + 1.90 years 
(mean + SEM), with a mean Mini-Mental 
State Examination? (MMSE) score of 
15.29 + 1.92. None of them had myoclonus 


MRI Hyperintensities—Leys et al 


en 


or extrapyramidal disorder. Fourteen pa- 
tients had early-onset AD (onset before age 
65 years) and 3 had late-onset AD. None had 
a definite familial history of AD; neverthe- 
less, 3 patients had a first-degree relative 
with dementia but without sufficient data to 
make a diagnosis of AD. These patients 
have been included in previous stuflies on 
brain atrophy" and single photon emission 
tomography” in Al). 

Control subjects were healthy volun- 
teers. Six were Members of the authors’ 
families, and 4 were spouses of patients 
with AD. Each had given informed consent 
after the nature of the procedure was fully 
explained. This group included 4 women 
and 6 men with a mean age of 63.90 + 3.92 
years and an MMSE score higher than 27 
(29.10 + 0.31). 

None of these 27 subjects had evidence of 
neurologic disease other than AD, includ- 
ing toxic, metabolic, traumatic, demyeli- 
nating, neoplastic, or focal cerebrovascular 
disease. Each subject underwent a system- 
atized physical and neurologic examination 
and a comprehensive laboratory evaluation 
consisting of an automated blood chemistry 
battery and tests for vitamin B,, deficiency 
and thyroid dysfunction. They scored 2 or 
less on Hachinski’s modified vascular 
scale.” 

Statistical analysis was performed in the 
27 subjects whose systolic blood pressures 
had never been found higher than 140 mm 
Hg, whose diastolic blood pressures had 
never been found higher than 80 mm Hg, 
and whose serum glucose levels were lower 
than 1.05 g/L. None of these 27 subjects was 
receiving antihypertensive or antidiabetic 
drugs, and each of them was free of cardiac 
disorders on clinical examination and elec- 
trocardiogram, except occasional trivial 
right bundle-branch block. Statistical anal- 
ysis failed to reveal any difference between 
the two groups for age (one-way analysis of 
variance). 


Methods 


The MRI was performed (Magniscan 
5000, CGR, Paris, France) with a supercon- 
ducting magnet operating at 0.5 T. Axial 
MRI scans (T, spin-echo sequences; repeti- 
tion time, 2 seconds; two-echo times of 30 
and 60 milliseconds; section thickness, 6 
mm with 6-mm interval sections) were in- 
terpreted separately by three observers 
(D.L., G.S., and M.S.) without knowledge of 
the clinical diagnosis, using Fazekas’ rating 
scale: PVHs were graded as follows: 0 indi- 
cates absence; 1, “caps” or pencil-thin lin- 
ing; 2, smooth “halo”; and 3, irregular PVH 
extending into the deep white matter. In- 
dependent deep WMH signals were rated as 
follows: 0 indicates absence; 1, punctate 
foci; 2, beginning confluence of foci; and 3, 
large confluent areas. Scores were given by 
each observer separately in half posterior 
and half anterior parts of the brain. We de- 
termined values as follows: PVH, and 
WMH, were the sum of the scores given by 
the observers in the half anterior part for 
PVH score and WMH score hyperintense 
signals; PVH, and WMH, were the sum of 
the scores given by the three observers in 
the half posterior part for PVH score and 
WMH score hyperintense signals; PVH = 
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PVH, + PVH, WMH = WMH, + WMH, 
PVH,,, = PVH,/PVH,; WMH,, = WMH,/ 
WMH.. 

The noncontrast CT scans were done only 
in patients with AD (Siemens Somatom II, 
Siemens, West Germany), between 15 and 
90 days before MRI. We used the method of 
Rezek et al‘ for systematic evaluation of the 
CT periventricular lucencies in 15 areas in 
each hemisphere, including 14 white matter 
regions and the basal ganglia-thalamic re- 
gions, of four CT slices. An area was con- 
sidered lucent if the density was between 
that of normal white matter and cere- 
brospinal fluid. Severity of a lucency was 
scored from 0 (no lucency) to 6 (severe 
lucency wider than 2 cm’), according to the 
same scoring system,’ based on size (less 
than, equal to, or greater than 2 cm’) and 
degree (absent, mild, or severe) of contrast 


"difference with surrounding brain. Lucen- 


cies due to artifacts (eg, partial volume ef- 
fect) were excluded. Ratings were sepa- 
rately performed by two observers (D.L. 
and J.P.P.) without knowledge of diagnoses, 
ages, or MMSE scores. The lucency score 
was the total of scores given by each ob- 
server. A score of 0 to 360 (two observers 
times 15 areas times two hemispheres times 


% of Cases 


1 


maximum score of 6 by area) was deter- 
mined for each patient and was the leuko- 
araiosis score. 

We used the nonparametric Mann- 
Whitney U test to compare, between the 
two groups, the four following values: PVH, 
WMH, PVH,,,, and WMH,,,. A power of the 
tests (1 — 8) of 80% or more was considered 
acceptable. Spearman’s nonparametric 
rank correlation test was used separately in 
the AD group to investigate possible corre- 
lations between the four indexes described 
above and the MMSE scores, and between 
MRI data (PVH and WMH) and leuko- 
araiosis scores on CT. The level of interob- 
server agreement was measured by the x 
statistic, separately for PVH and WMH 
scores, using the method of Fleiss et al": 
x is defined as (Po — Pe)/(1 — Pe), where Po 
is the observed proportional agreement 
(number of all actual pairwise agreements 
divided by all possible pairwise agree- 
ments) and Pe is the proportion of agree- 
ments expected by chance. Kappa equals 1 
only when complete agreement is observed 
(Po =1) and there are variations in the 
data (Pe <1). Kappa cannot be defined 
when Pe = 1. It has been suggested” that 
when x > 0.80, agreement can be considered 
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Breakdown of the different types of lesions in the two groups. Periventricular and white matter hy- 
perintensity scores are given for each of the three observers in each of the two studied areas, ac- 
cording to the scoring method of Fazekas et al.? Solid bars indicate subjects with Alzheimer’s dis- 


ease; and shaded bars, controls. 
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excellent, and when 0.40 <x < 0.80, agree- 
ment can be considered moderate to sub- 
stantial. 

Methods of performance, collection, com- 
puterization, and storage of data were ap- 
proved by the Regional Ethics Committee 
of Lille, France, for both patients and con- 
trol subjects. 


o 
RESULTS 


The breakdown of the different 
types of lesions in the two groups is 
given in the Figure. 

Statistical analysis failed to reveal 
any difference between patients with 
AD and healthy control subjects for 
the four studied MRI indexes (Table). 
For three indexes (PVH, WMH, and 
WMH,,,), the power of the tests was 
84% , 93%, and 84%, respectively. The 
power of the test for the index PVH,, 
was 57%; at least 47 patients with AD 
would be necessary to avoid a type II 
error (for 6 = 0.2 and A = 0.24). 

There was no correlation between 
these four indexes and either age or 
MMSE score. There was no correlation 
between MRI PVH scores and CT leu- 
ko-araiosis scores, but WMH scores on 
MRI were correlated (P < 01) to leu- 
ko-araiosis scores on CT. 

The interobserver agreement study, 
performed on the initial 42 subjects, 
provided x values of 0.43 for PVH 
scores and 0.50 for WMH scores. All 
subjects were still alive when this re- 
port was written. 


COMMENT 


Our study failed to reveal (1) any 
difference in the severity of MRI 
WMHs and PVHs between patients 
and controls, or (2) any correlation of 
MRI WMHs and PVHs with either age 
or MMSE scores. It did reveal (3) a 
poor interobserver agreement (x < 
0.50), and (4) a correlation between CT 
scan and MRI white matter changes 
(P < .01), but not between CT scan and 
MRI periventricular changes. 

The following three points hear dis- 
cussion: 









AD 
8.59 + 1.08 














Comparison of the Four Scores Between Patients With Alzheimer’s Disease (AD) 
and Control Subjects * 


Score, Mean + SEM 


LPR, 
Controls 


7.4+ 1.63 


WMH 4.24 + 1.52 46+ 1.7 .93 17/10 
1.03 + 0.10 0.79 + 0.12 .57 17/9 
WMH, t 0.75 + 0.18 0.90 + 0.24 .84 


* PVH indicates periventricular hyperintensity; WMH, white matter hyperintensity; PVH,,, indicates posterior 


1. Our study revealed that CT leuko- 
aralosis was strongly correlated with 
MRI white matter changes but not 
with MRI periventricular changes. 
Hachinski et al' suggested that the in- 
tense white matter signal ringing the 
ventricles on MRI might bear little re- 
lationship to the irregular white mat- 
ter abnormalities sometimes seen on 
CT. Out data agree with their opinion, 
since PVH scores were not correlated 
with CT leuko-araiosis scores. It is 
possible that the pathologic processes 
that produce MRI white matter inci- 
dental lesions and CT lucencies are 
similar but represent different stages 
of the same process’; incidental lesions 
identified on MRI might represent the 
earlier stage.’ Johnson et al’ showed 
that white matter lesions on MRI cor- 
responded to CT periventricular lucen- 
cies and that MRI was more sensitive 
than CT in detecting white matter dis- 
orders in healthy subjects. Our study 
confirmed such a correlation between 
CT periventricular lucencies and MRI 
white matter changes. 

2. Our study failed to reveal any 
difference in the severity of MRI PVHs 
and WMHs between patients with AD 
and healthy control subjects. Our aim 
was to determine whether AD could, 
by itself, be a predisposing factor of 
MRI white matter or periventricular 
changes. Since we excluded patients 
with extracerebral factors of such 
lesions as hypertension,” diabetes 
mellitus,” and cardiac diseases," our 
data suggested that quantified MRI 
white matter abnormalities and 
periventricular changes do not differ 
between AD and normal aging. Our 
data did not agree with several previ- 
ously reported studies on white matter 
changes on MRI? or CT,* which sug- 
gested more severe changes in subgects 
with AD than in healthy controls. Five 
explanations could be proposed: (1) 
Since MRI is more sensitive than CT in 
detecting white matter changes,’ we 
probably found many more abnormal- 
ities in healthy control subjects using 


No. of Subjects, 
AD /Control 


17/10 










PVH divided by anterior PVH; and WMH,,,,, posterior WMH divided by anterior WMH. None of the differences be- 
tween subjects with AD and controls are Statistically significant. 


tPatients with PVH or WMH scores of O were excluded from analysis owing to impossibility of calculating PVH,,, 


and WMH,,,. 
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MRI than using CT. (2) Since MRI re- 
quires more cooperation from patients 
than CT, this study has probably been 
performed in only those patients with 
AD who could hold still, ie, those with 
a lower severity of dementia. Since 
previogis CT* and MRI” studies suggest 
that white matter changes are corre- 
lated with the severity of dementia in 
AD, it is wise to note that those of our 
patients with AD who sufficiently co- 
operated with MRI examination might 
be those with lower white matter 
changes. (3) The poor interobserver 
agreement could favor such a disagree- 
ment with previous studies. (4) The 
method of scoring periventricular and 
white matter changes is probably not 
precise enough and might favor loss 
of information, contrary to the CT 
method of scoring leuko-araiosis*: the 
presence of multiple minor changes 
might be equivalent numerically to 
more isolated but more severe lesions. 
Fazekas et al’ found no difference be- 
tween subjects with AD and control 
subjects for white matter changes, and 
a higher frequency of periventricular 
halo in AD; our study revealed a trend 
to higher PVH scores. This difference 
between their study and ours cannot be 
explained by the small size of our pop- 
ulation, since their population was 
smaller’; it could be explained by a less 
appropriate statistical assessment in 
their study.’ (5) A difference in white 
matter or periventricular changes be- 
tween subjects with AD and healthy 


ə control subjects might be too slight to 


be detected in such a small population; 
nevertheless, we showed that for in- 
dexes PVH, WMH, and WMH,» the 
probability 8 that our results are in- 
valid due to a type II error could be ac- 
cepted (8 = 16%, 7%, and 16%, respec- 
tively); for the index PVH,,,, this prob- 
ability is too high (8 = 0.43), and at 
least 47 patients with AD would be re- 
quired to avoid a type II error (for 
A = 0.15 and 6 = 0.2). 

3. What is the significance of MRI 
changes in healthy control subjects? 
Although we excluded subjects with 
predisposing factors of MRI WMHs 
and PVHs, the frequency of WMHs 
and PVHs was high in healthy control 
subjects. We do not know whether 
these MRI changes are normal. Do 
these MRI changes herald the subse- 
quent development of dementia? Rao 
et al” found no difference in the results 
of an extensive neuropsychological 
battery between subjects with and 
without MRI periventricular or white 
matter changes, and suggested there is 
no link between MRI abnormalities 
and dementia. Their data confirmed 
previous data of Awad et al. However, 
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healthy subjects with MRI PVHs or 


= WMHs should be followed up longitu- 


dinally with comprehensive neuropsy- 
chological and imaging evaluation to 
determine if they are at risk for the 
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Make check to: "Dallas/Fort Worth S mposium." 
NEUROSURGEONS, PLASTIC, CRANIOFACIAL, Mail to: Midas Rex Institute, 2929 Race Street, 


MAXILLOFACIAL, and OTOLARYNGOLOGICAL See Fort Worth, TX 76111. 
SURGEONS (Neuro 700)—dissection skills for bonework of Phone: 800-433-7639 or 817-831-2604. 
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A Symposium/Hands-On Workshop for The Department of Neurosurgery 
Neurosurgeons, Plastic, ENT, Craniofacial University of Cincinnati Medical Center 
and Maxillofacial Surgeons in affiliation with 
Good Samaritan Hospital 
“Modern Dissection Techniques of Christ Hospital 
Bone, Biometals, Bioceramicsand Bioplastics” Mayfield Neurological Institute 
(Neuro 700)" and MIDAS REX™ Institute 






COURSE DIRECTORS: John M. Tew, Jr., M.D.; Susan Mitchell, Ed.D.; Richard Coup, Ed.D. 


* SYMPOSIUM FORMAT: Workshops: 7:30 a.m. - 1:30 p.m. each The Westin Hotel at Fountain Square 
day, with emphasis on hands-on exercises utilizing appropriate Cincinnati, OH 45202-3160 
animal bones, skeletal bones, bioplastics, and biometals for 513-621-7700 
dissection in the cranium and spine. 

* ENROLLMENT IS LIMITED. Please call before sending check or making travel plans. All enrollments made 
through the MIDAS REX office in Fort Worth, Texas, U.S.A. 

* ENROLLMENT FEE: (U.S.$): Surgeon $965.00; Fellow/Resident $585.00 (with letter from Department Head); All 
Operating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to “Cincinnati Symposium.” 
Mail to: MIDAS REX Institute, 2929 Race Street, Fort Worth, TX 76111, U.S.A. 
Phone: 817-831-2604. FAX: 817- 838-2384. 
“An Orthopaedic Symposium will be conducted simultaneously in a separate room. 
Hospitality and some lectures will be combined. 
000 enrollees who have completed MIDAS REX Hands-On Workshops. 
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> | pergolideg mesylate 
An added dimension 


in the treatment of 
Parkinson's disease 


A new adjunct to levodopa/carbidopa 
in the management of patients with 
Parkinson’s disease 
e The first dopamine agonist indicated for 
Parkinson's disease with activity at both 
Dı and D» receptors 
@ 10 to 1,000 times more potent than bromo- 
criptine on a milligram-per-milligram basis 
e Improves patients’ functioning in activities 
of daily living, relieves signs and symptoms, 
and reduces “off” time 


@ May allow a significant reduction in 
levodopa dosage 


j @ Most common adverse events were dyskinesia, 
nausea, dizziness, and hallucinations 


e Hypotension may occur, especially early in 
the course of therapy 


Stepwise titration without regard to meals 
Maintenance dose is approximately 3 mg/day 


Available in 0.05-mg, 0.25-mg, and 1-mg 
scored tablets 
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Permax’ 


pergolide mesylate 


Brief Summary. Consult the package literature for complete 
information. 


Indications and Usage: Permax is indicated as adjunctive treatment to 
levodopa/Carbidopa in the management of the signs and symptoms of 
Parkinson's disease. 

Evidence to support the efficacy of pergolide mesylate as an 
antiparkinsonian adjunct was obtained in a multicenter study enrolling 
376 patients with mild to moderate Parkinson's disease who were intol- 
erant to levodopa/carbidopa as manifested by moderate to severe dyski- 
nesia and/or on-off phenomena. On average, the sample of patients 
evaluated had been on levodopa/carbidof® for 3.9 years (range, two 
days to 16.8 years). The administration of pergolide mesylate permitted 
a 5% to 30% reduction in the daily dose of levodopa. On average, these 
patients treated with pergolide mesylate maintained an equivalent or bet- 
ter clinical status than they exhibited at baseline. 


Contraindications: Pergolide mesylate is contraindicated in patients 
who are hypersensitive to this drug or other ergot derivatives. 


Warnings: Symptomatic Hypotension — In clinical trials. approximately 
10% of patients taking pergolide mesylate with levodopa vs 7% taking 
placebo with levodopa experienced symptomatic orthostatic and/or 
Sustained hypotension, especially during initial treatment. With gradual 
cosa titration, tolerance to the hypotension usually develops. It is, 
therefore, important to warn patients of the risk, to begin therapy with 
low doses, and to increase the dosage in carefully adjusted increments 
over a period of three to four weeks (see Dosage and Administration) 

Hallucinosis — in controlled trials, pergolide mesylate with levodopa 
caused hallucinosis in about 14% of patients as opposed to 3% taking 
placebo with levodopa. This was of sufficient severity to cause discon- 
tinuation of treatment in about 3% of those enrolled: tolerance to this 
untoward effect was not observed. 

Fatalities — In the placebo-controlied trial, two of 187 patients treated 
with placebo died as compared with one of 189 patients treated with per- 
golide mesylate. Of the 2,299 patients treated with pergolide mesylate in 
premarketing studies evaluated as of October 1988, 143 died while on 
the drug or shortly after discontinuing the drug. The patient population 
under evaluation was elderly, ill, and at high risk for death. It seems 
unlikely that pergolide mesylate played any role in these deaths. but the 
possibility that pergolide shortens survival of patients cannot be 
excluded with absolute certainty 

In particular, a case-by-case review of the Clinical course of the 
patients who died failed to disclose any unique set of signs, Symptoms, 
or laboratory results that would suggest that treatment with pergolide 
Caused their deaths. Sixty-eight percent (68%) of the patients who died 
were 65 years of age or over. No death (other than a suicide) occurred 
within the first month of treatment: most of the patients who died had 
been on pergolide for years. A relative frequency of the causes of death 
by organ system are: pulmonary failure/pneumonia, 35%: cardiovascu- 
lar, 30%; cancer, 11%; unknown, 8.4%: infection, 3.5%: extrapyramidal 
syndrome, 3.5%; stroke, 2.1%; dysphagia, 2.1%: injury, 1.4%: suicide, 
1.4%; dehydration, 0.7%; glomerulonephritis, 0.7%. 


Precautions: General — Caution should be exercised when administer- 
ing pergolide mesylate to patients prone to cardiac dysrhythmias. 

In a study comparing pergolide mesylate and placebo, patients taking 
pergolide mesylate were found to have significantly more episodes of 
atrial premature contractions (APCs) and sinus tachycardia. 

The use of pergolide mesylate in patients on levodopa may cause and/ 
or exacerbate preexisting states of confusion and hallucinations (see 
Warnings) 

The administration of pergolide mesylate to patients receiving 
levodopa may cause and/or exacerbate preexisting dyskinesia. 

Information for Patients — Patients and their families should be 
informed of the common adverse consequences of the use of pergolide 
mesylate (see Adverse Reactions) and the risk of hypotension (see 
Warnings) 

Patients should be advised to notify their physician if they become 
pregnant or intend to become pregnant during therapy. 

Patients should be advised to notify their physician if they are breast 
feeding an infant. 

Laboratory Tests — No specific laboratory tests are deemed essential 
for the management of patients on Permax. Periodic routine evaluation of 
all patients, however, is appropriate 

Drug Interactions — Dopamine antagonists, such as the neuroleptics 
(phenothiazines, butyrophenones, thioxanthines) or metoclopramide, 
ordinarily should not be administered concurrently with Permax (a 
dopamine agonist); these agents may diminish the effectiveness of 
Permax. 

Because pergolide mesylate is approximately 90% associated with 
plasma proteins, caution should be exercised if pergolide mesylate is 
Coadministered with other drugs known to affect protzin binding. 

Carcinogenesis, Mutagenesis, and Impairment Fertility —A two- 
year Carcinogenicity study was conducted in mice using dietary levels of 
pergolide mesylate equivalent to oral doses of 0.6, 3.7, and 36.4 mg/kg/ 
day in males and 0.6, 4.4, and 40.8 mg/kg/day in ffnales. A two-year 
Study in rats was conducted using dietary levels equivalent to oral doses 
of 0.04. 0.18, and 0.88 mg/kg/day in males and 0.05, 0.28. and 1.42 
mg/kg/day in females, The highest doses tested in the mice and rats 
were approximately 340 and 12 times the maximum human oral dose 
administered in controlled clinical trials (6 mg/day equivalent to 0.12 
mg/kg/day) 

A low incidence ot uterine neoplasms occurred in both rats and mice 
Endometrial adenomas and carcinomas were observed in rats. Endome- 
trial sarcomas were observed in mice. The occurrence of these neo- 
plasms is probably attributable to the high estrogen/progesterone ratio 
which would occur in rodents as a result of the prolactin-inhibiting action 
of pergolide mesylate. The endocrine mechanisms believed to be 
involved in the rodents are not present in humans. However, even though 
there is no known correlation between uterine malignancies occurring in 
pergolide-treated rodents and human risk, there are no human data to 
substantiate this conclusion. 

Pergolide mesylate was evaluated for mutagenic potential in a battery 
of tests that included an Ames bacterial mutation assay, a DNA repair 
assay in Cultured rat hepatocytes, a point-mutation assay in cultured 
L5178Y cells, and a determination of chromosome alteration in bone 
marrow cells of Chinese hamsters. A weak mutagenic response was 
noted in the in vitro mammalian cell-point-mutation assay using L5178Y 
Cells only after metabolic activation with rat liver microsomes. No muta- 
genic effects were obtained in the two other in vitro assays and in the in 
vivo assay. The relevance of these findings to humans is unknown 


Permax" (pergolide mesylate, Lilly) 


PR-9000 7-949323 © 1989. ELI LILLY AND COMPANY 


A fertility study in male and female mice showed that fertility was 
maintained at 0.6 and 1.7 mg/kg/day but decreased at 5.6 mg/kg/day. 
Prolactin has been reported to be involved in stimulating and maintaining 
progesterone levels required for implantation in mice and, therefore, the 
Na rig fertility at high dose may occur because of depressed prolactin 

evels. 

Usage in Pregnancy — Pregnancy Category B — Reproduction studies 
were Conducted in mice at doses of 5, 16, and 45 mg/kg/day and in rab- 
bits at doses of 2, 6, and 16 mg/kg/day. The highest doses tested in mice 
and rabbits were 375 and 133 times the 6 mg/day maximum human dose 
administered in controlled clinical trials. In these studies, there was no 
evidence of harm to the fetus due to pergolide mesylate. 

There are, however, no adequate and well-controlled studies in preg- 
nant women. Among women who received pergolide mesylate for 
endocrine disorders in premarketing studies, there were 33 pregnancies 
that resulted in healthy babies and four pregnancies that resulted in con- 
genital abnormalities ses major, two minor); a causal relationship has 
not been established. Because human data are limited and because ani- 
mal reproduction studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed 

Nursing Mothers —It is not known whether this drug is excreted in 
human milk. The pharmacologic action of pergolide mesylate suggests 
that it may interfere with lactation. Because many drugs are excreted in 
human milk and because of the potential for serious adverse reactions to 
pergolide mesylate in nursing infants, a decision should be made 
whether to discontinue nursing or to discontinue the drug, taking into 
account the importance of the drug to the mother. 

Pediatric Use — Safety and effectiveness in children have not been 
established. 


Adverse Reactions: Commonly Observed — In premarketing clinical tri- 
als, the most commonly observed adverse events associated with use of 
pergolide mesylate which were not seen at an equivalent incidence 
among placebo-treated patients were: nervous system complaints, 
including dyskinesia, hallucinations, somnolence, insomnia: digestive 
complaints. including nausea. constipation, diarrhea, dyspepsia: and 
respiratory system complaints, ee rhinitis. 

Associated With Discontinuation of Treatment — Twenty-seven per- 
cent (27%) of approximately 1,200 patients receiving pergolide mesy- 
late for treatment of Parkinson's disease in premarketing clinical trials in 
the US and Canada discontinued treatment due to adverse events. fhe 
events most commonly causing discontinuation were related to the ner- 
ae (15.5%), primarily hallucinations (7.8%) and contusion 

). 


Fatalities — See Warnings. 

Incidence in Controlled Clinical Trials —The table that follows enumer- 
ates adverse events that occurred at a frequency of 1% or more among 
patients taking pergolide mesylate who participated in the premarketing 
controlled clinical trials comparing pergolide mesylate with placebo. Ina 


Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlled Clinical Trial 


Percentage of Patients Percentage of Patients 
Reporting Events Reporting Events 
Pergolide Pergolide 


Body System/ Mesylate Placebo Body System/ Mesylate Placebo 
Adverse Event» N=189 N=187 Adverse Event* N=189 N=187 
ata A PR het A hc OO la 


Body as a Whole Dizziness 19.1 
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> Hallucinations 13.8 32 
= Rg E Dystonia 11.6 8.0 
pain 58 21 Confusion 11.1 96 
Injury, accident 5.8 7.0 Somnolence ie 
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Face edema 11 0 Abnormal gait 1.6 1.6 
Infection 11 0 Akatnisia = «1.6 0 
Cardioyascaiar _ ae 
Postural Incoordination 16 <1 
hypotension 9 0 70 Paresthesia 1.6 3.2 
Vasodilatation 3.2 <1 Akinesia 14 14 
Hypotension 2.1 <1 Neuralgia 11 El 
Syncope 2.1 11 Speech 
AU cha agai A disorder 11 16 
rrhythmia 11 < 
Myocardial Respiratory 
infarction 11 <1 System d ; 
Digestive Rhinitis 1 5; 
Nausea 24.3 12.8 Hake ie 1 
Constipation 10.6 5.9 pistaxis e 
Diarrhea 6.4 27 Hiccup 11 
Dyspepsia 64 24 Skin and 
Anorexia 48 2.7 Appendages 
Dry mouth 3.7 <1 Rash 32 21 
Vomiting 27 16 Sweating 21 27 
Hemic and Special Sensts 
Lymphatic Abnormal 
Anemia 1.1 <1 vision 58 54 
Metabolic and Diplopia 2.1 0 
pee jy -E 1.6 0 
g aes 74 43 Eye disorder 1.1 0 
Edema 16 ; Sopena mua 
Weightgain 1.6 0 ystem 
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Twitc ing 1.1 0 Hematuria 11 <1 
Nervous System 
Dyskinesia 62.4 24.6 


n 
“Events reported by at least 1% of patients receiving pergolide mesy- 
late are included 


Permax” (pergolide mesylate, Lilly) 


J 


double-blind, controlled study of six months’ duration. patients witt 
Parkinson's disease were continued on levodopa/carbidopa and were 
randomly assigned to receive either pergolide mesylate or placebo as 
additional therapy. 

The prescriber should be aware that these figures Cannot be used to 
predict the incidence of side effects in the course of usual medical prac- 
tice where patient characteristics and other factors differ from those 
which prevailed in the clinical trials. Similarly, the cited frequencies can- 
not be compared with figures obtained from other clinical investigations 
involving different treatments, uses, and investigators. The cited figures, 
however, do provide the prescribing physician with some basis for esti- 
mating the relative contribution of drug and nondrug factors to the side- 
effagt incidence rate in the population studied. 

Events Observed -n the Premarketing Evaluation of Permax — 
This section reports event frequencies evaluated as of October 1988 for 
adverse events ocurring in a group of approximately 1,800 patients who 
took multiple doses of pergolige mesylate. The conditions and duration 
of exposure to pergolide mesylate varied greatly, involving well-con- 
trolled studies as well as experie@ee in open and uncontrolled clinical 
settings. In the absence of appropriate controls in some of the studies. a 
causal relationship between these events and treatment with pergolide 
mesylate cannot be determined. 

The following enumeration by organ system describes events in 
terms of their relative frequency of reporting in the data base. Events of 
major clinical importance are also described in the Warnings and Pre- 
Cautions sections. 

The following definitions of frequency are used: frequent adverse 
events are defined as those occurring in at least 1/100 patients: infre- 
quent adverse events are those occurring in 1/100 to 1/1,000 patients: 
rare events are those occurring in fewer than 1/1,000 patients. 

Body as a Whole — Frequent: headache. asthenia, accidental injury, 
abdominal pain, chest pain, back pain, flu syndrome, neck pain, fever: 
Infrequent: facial edema, chills, enlarged abdomen, malaise. neoplasm, 
hernia, pelvic pain, sepsis, cellulitis, moniliasis, abscess. jaw pain, 
hypothermia; Rare: acute abdominal syndrome, LE syndrome 

Cardiovascular System — Frequent: postural hypotension. syncope, 
hypertension, palpitations, vasodilatations. congestive heart failure: 
Infrequent: myocardial infarction, tachycardia, heart arrest, abnormal 
electrocardiogram, angina pectoris, thrombophlebitis, bradycardia, 
ventricular extrasystoles, cerebrovascular accident, ventricular tachy- 
Cardia, cerebral ischemia, atrial fibrillation, varicose vein. pulmonary 
embolus, AV block, shock; Rare: vasculitis, pulmonary hypertension, 
pericarditis, migraine, heart block, cerebral hemorrhage 

Digestive System — Frequent. nausea, vomiting, dyspepsia, 
diarrhea, constipation, dry mouth, dysphagia: Infrequent: flatulence, 
abnormal liver function tests, increased appetite, Salivary gland enlarge- 
ment, thirst, gastroenteritis, gastritis. periodontal abscess. intestinal 
obstruction, nausea and vomiting, gingivitis, esophagitis, cholelithiasis. 
tooth caries, hepatitis, stomach ulcer, melena, hepatomegaly, 
hematemesis, eructation; Rare: sialadenitis. peptic ulcer, pancreatitis, 
jaundice, glossitis, fecal incontinence, duodenitis, colitis, cholecystitis, 
aphthous stomatitis, esophageal ulcer 

Endocrine System — rl lag hypothyroidism, adenoma, diabetes 
mellitus, ADH inappropriate: Rare: endocrine disorder, thyroid adenoma 

Hemic and Lymphatic System — Frequent: anemia. Infrequent: 
leukopenia, lymphadenopathy, leukocytosis, thrombocytopenia, 
petechia, megaloblastic anemia, cyanosis: Rare: purpura, lymphocyto- 
sis, eosinophilia, thrombocythemia, acute lymphoblastic leukemia. 
polycythemia, splenomegaly 

Metabolic and Nutritional System — Frequent: peripheral edema, 
weight loss, weight gain; /nfrequent: dehydration, hypokalemia, hypo- 
glycemia,iron deficiency anemia, hyperglycemia, gout, hygerc- 
holesteremia; Rare: electrolyte imbalance, cachexia, acid®sis. 
hyperuricemia 

Musculoskeletal System — Frequent: twitching, myalgia, arthralgia: 
Infrequent: bone pain, tenosynovitis, myositis, bone sarcoma, arthritis: 
Rare: osteoporosis, muscle atrophy, osteomyelitis 

Nervous System — Frequent: dyskinesia, dizziness, hallucinations. 
confusion, somnolence, insomnia, dystonia, paresthesia, depression, 
anxiety, tremor, akinesia, extrapyramidal syndrome, abnormal gait, 
abnormal dreams, incoordination, psychosis, personality disorder, ner- 
vousness, Choreoathetosis, amnesia, paranoid reaction, abnormal 
thinking; /nfrequent: akathisia, neuropathy, neuralgia, hypertonia, delu- 
sion, convulsion, libido increased, euphoria, emotional lability, libidio 
decreased, vertigo, myoclonus, coma, apathy, paralysis, neurosis, 
hyperkinesia, ataxia, acute brain syndrome, torticollis, meningitis, 
manic reaction, hypokinesia, hostility, agitation, hypotonia; Rare: stupor. 
neuritis, intracranial hypertension, hemiplegia, facial paralysis. brain 
edema, myelitis 

Respiratory System — Frequent: rhinitis, dyspnea, pneumonia, 
pharyngitis, cough increased; Infrequent: epistaxis, hiccup, sinusitis, 
bronchitis, voice alteration, hemoptysis, asthma, lung edema, pleural 
effusion, laryngitis, emphysema, apnea, hyperventilation; Rare: pneu- 
mothorax, lung fibrosis, larynx edema, hypoxia, hypoventilation, 
hemothorax, carcinoma of lung 

Skin and Appendages System — Frequent: sweating, rash. /nfre- 
quent: skin discoloration, pruritus, acne, skin ulcer, alopecia, dry skin, 
skin Carcinoma, seborrhea, hirsutism, herpes simplex, eczema, fungal 
dermatitis, herpes zoster; Rare: vesiculobullous rash, subcutaneous 
nodule, skin nodule, skin benign neoplasm, lichenoid dermatitis 

Special Senses System — Frequent: diplopia: Infrequent. otitis 
media, Conjunctivitis, tinnitus, deafness, taste perversion, ear pain, eye 
pain, glaucoma, eye hemorrhage, photophobia, visual field defect: Rare: 
blindness, cataract, retinal detachment, retinal vascular disorder 

Urogenital System — Frequent. urinary tract infection, urinary tre- 
quency, urinary incontinence, hematuria, dysmenorrhea; Infrequent 
dysuria, breast pain, menorrhagia, impotence, cystitis, urinary retention, 
abortion, vaginal hemorrhage, vaginitis, priapism, kidney calculus, 
librocystic breast, lactation, uterine hemorrhage, urolithiasis, salpingi- 
tis, pyuria, metrorrhagia, menopause. kidney failure, breast carcinoma, 
cervical carcinoma: Rare. amenorrhea, bladder carcinoma. breast 
engorgement. epididymitis, hypogonadism, leukorrhea, nephrosis, 
pyelonephritis, urethral pain, uricaciduria, withdrawal bleeding 
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Anomalous Brain Morphology on Magnetic Resonance 
Images in Williams Syndrome and Down Syndrome 


Terry L. Jernigan, PhD, Ursula Bellugi, EdD 


e 
è Quantitative studies of brain morphol- 


ogy in a group of subjects with Williams 
syndrome revealed a distinctive pattern of 
dysmorphology unlike that observed in 
another form of mental retardation, Down 
syndrome. Reduced cerebral size but nor- 
mal cerebellar size was observed in 
Williams syndrome, in contrast to reduc- 
tions in both brain components in Down 
syndrome. Examination of cerebellar ver- 
mal morphology suggested significantly 
increased area of neocerebellar vermal 
lobules in Williams syndrome, with low- 
normal size in the paleocerebellar vermal 
lobules. Thus, a highly selective effect on 
brain development appears to accompany 


Williams syndrome, with some brain sub- @ 


systems, possibly later-developing ones, 
relatively spared. 
(Arch Neurol. 1990;47:529-533) 


n 1961, Williams et al' described a 

pediatric syndrome characterized 
by supravalvular aortic stenosis, 
growth deficiency, mental retardation, 
and so-called elfin/pixie facial fea- 
tures. Subsequent descriptions speci- 
fied key features, eg, broad forehead, 
medial eyebrow flare, stellate iris pat- 
tern, flat nasal bridge, long smooth 
philtrum, and wide mouth.’ The dis- 
order has been associated with ele- 
vated serum calcium levels in infancy, 
and medical studies also suggest a de- 
fect in calcitonin production‘; however, 
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the cause is not yet fully understood. 
As part of a broad program investi- 
gating the neuropsychological, neuro- 
physiologic, and neuroanatomic char- 
acteristics of Williams syndrome 
(WS), recent studies have described an 
unusual profile in which specific cogni- 
tive deficits coincide with remarkably 
preserved linguistic abilities.** 

In the present study, we examined 
gross brain morphology in a group of 
subjects with WS using magnetic res- 
onance imaging (MRI). Comparison is 
made with a group of normal individ- 
uals and a small group of age-matched 
subjects with Down syndrome (DS). 


SUBJECTS AND METHODS 


Of 8 MRI examinations of subjects with 
WS, 2 examinations yielded axial images 
degraded by motion artifact. The remain- 
ing 6 subjects with WS ranged in age from 
10 to 20 years (mean, 15.8 years). Of four 
examinations of subjects with DS, 1 was 
degraded by motion. The remaining 3 sub- 
jects were aged 14 to 17 years (mean, 16 
years). These groups were compared with 
14 normal controls aged 8 to 32 years (mean, 
19.0 years). Five of 14 norma! controls, 4 of 
6 subjects with WS, and 2 of 3 subjects with 
DS were female. All subjects with WS and 
DS, as well as 7 normal subjects under age 
12 years, were participants in a large mul- 
tidisciplinary study of neurodevelopmental 
disorders of language and cognition. They 
were screened by medical and social histo- 
ries and underwent a full neurologic exam- 
ination and extensive behavioral testing. 
Seven adult normal controls (over age 25 
years) were recruited for studies of psychi- 
atric and neurologic disorders and were 
also screened by medical and psychiatric 
interviews. They were all employed or at- 
tending school. Informed consent was ob- 
tained in all cases. 


Imaging Protocol 


The MRI was performed with a 1.5-T su- 
perconducting magnet (Signa; General 


Electric, Milwaukee, Wis) at the University 
of California-San Diego/AMI Magnetic 
Resonance Institute. A standard protocol 
was adopted for the acquisition of MRI 
brain images to be analyzed by the Brain 
Imaging Laboratory in the Department of 
Psychiatry. Three consecutive spin-echo 
pulse sequences were used to obtain images 
in each of three orthogonal planes (Fig 1). 
Using a T,-weighted (repetition time, 600 
milliseconds; echo time, 20 milliseconds) 
sequence, sagittal images centered at the 
midsagittal plane were acquired to visual- 
ize the corpus callosum, brain stem, and 
other medial hemisphere surface land- 
marks. Subsequently, proton-density- 
weighted and T,-weighted images were ob- 
tained simultaneously for each section, us- 
ing an asymmetrical, multiple-echo se- 
quence (repetition time, 2000 milliseconds; 
echo time, 25 and 70 milliseconds). The se- 
quence was used twice to obtain images of 
the entire brain in the axial and coronal 
planes in each subject. Slice thickness was 
5 mm, with a 2.5-mm gap between succes- 
sive slices in all instances. A 256 X 256 ma- 
trix and 24-em field of view were used in all 
examinations. 


\ Image Analysis 


A detajled description of the image anal- 
ysis method is given in a separate article.’ 
For each axial brain section imaged, a com- 
puted matrix was produced in which pixels 
were classified as most resembling (in sig- 
nal strength) gray matter, white matter, 
cerebrospinal fluid (CSF), or signal hyper- 
intensities. The full series of axial images 
was analyzed, beginning at the bottom of 
the cerebellar hemispheres and extending 
through the vertex. Blinded to subject age 
or diagnosis, operators manually separated 
cerebellar from cerebral areas and cortical 
from subcortical regions using a stylus- 
controlled cursor on the displayed image. In 
this way, separate estimates of the four 
classes of pixels could be made for these ar- 
eas. The fully processed images are illus- 
trated in Fig 2. Different pixel classes are 
color-coded as follows: right hemisphere 
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cortical gray matter is yellow and subcorti- 
cal gray matter is light blue; left hemi- 
sphere cortical gray matter is white and 
subcortical gray matter is magenta. Fluid is 
red, white matter is black, and signal hy- 
perintensities are blue; however, subcorti- 
cal and cortical fluid and hyperintensities 
are measured separately. Volumes of cere- 
bellum and cerebrum were estimated by 
summing pixels in infratentorial and su- 
pratentorial zones, respectively, over all 
sections. A ratio of the cerebellar to the ce- 
rebral volume was also computed. Other 
measures were obtained by summing pixels 
in given classes, for each region, over all 
axial sections. An overall measure of cere- 
bral volume loss was computed by express- 
ing the total number of non-CSF pixels as 
a proportion of the supratentorial cranium. 
This measure will be referred to as the ce- 
rebral proportion. A similar measure of 
cerebellar volume loss was computed for 
the infratentorial areas and will be referred 
to as the cerebellar proportion. Other mea- 
sures examined include signal hyperinten- 
sities in cortical and subcortical zones and 
in cortical gray matter, all expressed as 
proportions of the supratentorial cranial 
volume. 

An additional analysis of the structure of 
the cerebellar vermis was conducted using 
a midsagittal section. The method was mod- 
ified from Courchesne et al. Subjects 
were excluded if motion artifacts or an ec- 
centric plane of section rendered the vermal 
landmarks indistinct. A suitable section, 
showing the primary and prepyramidal 
fissures, was available for four of the sub- 
jects with WS, two of the subjects with DS, 
and all of the controls. With the section 
displayed on the screen, an operator ad- 
justed a numerical criterion until pixel val- 
ues in the vermal area were all above the 
criterion while the fluid surrounding the 
vermis was below it. No attempt was made 
to exclude the vermal sulci, most of which 
were partially volumed CSF and tissue. 
Vermal lobules I through V were then cir- 
cumscribed with a polygon designated us- 
ing a stylus-controlled cursor. Next, vermal 
lobules VI and VII were similarly circum- 
scribed. The numbers of pixels with values 
above the criterion and falling within the 
polygons were taken as the vermal I 
through V and vermal VI and VII reas, re- 
spectively. A ratio of vermal VI and VII to 
vermal I through V areas was aso com- 
puted. Figure 3 illustrates the method. 


Statistical Analysis 


Groups were compared using Kruskal- 
Wallis nonparametric analyses of variance 
for three-group comparisons, and Mann- 
Whitney U tests for two-group compari- 
sons. These statistics were chosen because 
they do not require assumptions about the 
distributions of the measures. When the 
sample size is small, application of para- 
metric tests to nonnormal measures may 
yield spurious results.!? Since the distribu- 
tions of the morphological measures are not 
well established, and the samples were 
small, nonparametric tests were deemed 
more appropriate. 


530 Arch Neurol—Vol 47, May 1990 








Fig 1.—Representative images from the standard protocol. Top left, Sagittal section (spin-echo 
[SE], 600/20 milliseconds). Top center, Axial section (SE, 2000/25 milliseconds; proton-densi- 
ty-weighted in text). Top right, Axial section (SE, 2000/70 milliseconds: T,-weighted in text). Bot- 
tom left, Coronal section (SE, 2000/25 milliseconds; proton-density-weighted in text). Bottom 
right, Coronal section (SE, 2000/70 milliseconds; T,-weighted in text). All sections were 5 mm 
thick; the matrix was 256 X 256; All series had a 2.5-mm gap between images.° 


Fig 2.—Representative, fully processed images. Pixels are classified and zones have been man- 
ually designated. The gray matter pixels have been color-coded to display the zone designations: 
right hemisphere cortical is yellow and subcorticMl is light blue; left hemisphere cortical is white 
and subcortical is magenta; and cerebellar is gray. Cerebrospinal fluid and white matter pixels in 
all zones are displayed in red and black, respectively; however, these pixels are coded separately 
by zone so that regional measures may be computed. The three sections in the upper row are from 
a normal subject, and the three comparable sections in the lower row are from a subject with 
Williams syndrome. Note the reduced size and elongated shape of the cerebrum in the subject with 
Williams syndrome. 
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Fig 3.—lllustration of vermal measurement technique. Primary and prepyramidal fissures are vi- 
sually identified on a midsagittal section displayed on the console screen as seen at left. With a 
stylus-controlled cursor, a polygon is designated that circumscribes first vermal lobules | through 
V and then vermal lobules VI and VII. At right, all pixels designated as vermal | through V are shown 
in white, and those designated as vermal VI and VII in light gray. Areas reported here are total pixel 
counts of these regions. 
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Volume ratio 0.132 0.156 0.124 9.7§ 6.0§ 17.0]| NS 
Cerebral proportion 0.92 0.92 0.89 NS NS NS NS 
Cerebellar 

proportion 0.11 0.14 0.16 6.7 || 21.01 NS 4.0]| 
Cortical gray 

proportion 0.50 0.51 0.52 NS NS NS NS 
Cortical 
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* © indicates control; WS, Williams syndrome; DS, Down syndrome; K-W, Kruskal-Wallis analysis of variance; 
and NS, not significant. 

+Derivation of proportions is explained in the ‘Image Analysis” section. 

+P < .001. 

§P < .01. 

||P < .05. 

IP <.1. 
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RESULTS 


Routine clinical readings of the MRI 
examinations were performed. The re- 
ported subjective impressions were as 
follows: punctate signal hyperintensi- 
ties in the centrum semiovale were 
noted in one male and one female sub- 
ject with WS. Focal right temporal 
horn dilatation was noted in another 
female subject with WS. No abnormal- 
ities were noted in the remaining three 
subjects with WS. A high signal ab- 
normality in the glomus of the left lat- 
eral ventricle was noted in one male 
subject with DS. This was considered 
to represent subacute hemorrhage, 
possibly related to a small vascular 
malformation in this location. Mild 
diffuse atrophy was noted in a female 
subject with DS. No abnormalities 
were noted for the remaining subjects 
with DS. 

A right cerebellar venous angioma 
was noted in a normal 9-year-old boy. 
Moderate volume loss, with a single 
small punctate hyperintensity, was 
noted in a normal 32-year-old woman. 
A single punctate focus of signal hy- 
perintensity in the frontal lobe was 
noted in another normal 32-year-old 
woman. No abnormalities were noted 
in the remaining 11 controls. 

Results of the quantitative analyses 
of the images are summarized in the 
Table. Significant group differences 
were observed in the measures of cere- 
bral and cerebellar volume, in the cer- 
ebellum-to-cerebrum volume ratio, in 
the cerebellar proportion, in the mea- 
sure of cortical signal hyperintensi- 
ties, in vermal I through V and VI and 
VII areas, and in the vermal ratio. 

Both groups of retarded subjects 
showed reduced cerebral volumes com- 
pared with normal controls. The dis- 
tributions of the values for each group 
are shown in Fig 4, left. Cerebellar 
volumes were reduced in the subjects 
with D@ but no suggestion of such a 
decreas@ was observed in the subjects 
with WG, and indeed subjects with WS 
had significantly larger cerebellar vol- 
umes than subjects with DS (Fig 4, 
center). The cerebellum-to-cerebrum 
volume ratio was significantly higher 
in the subjects with WS relative to 
both other groups (Fig 4, right). No 
differences were observed in the cere- 
bral proportion; however, subjects 
with DS had significantly reduced cer- 
ebellar proportions, and a similar 
trend was noted in the subjects with 
WS, although it did not reach statisti- 
eal significance. Both groups had in- 
creased numbers of hyperintense pix- 
els in the cortical region compared 
with controls. 

Analyses of the vermal measure- 
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the pixel dimensions multiplied by the section-to-section interval). Left, Distributions show reduced cerebral 
size in both retarded groups. Center, Reduced cerebellar volume is present in subjects with Down syndrome 
(DS) but not in those with Williams syndrome (WS). Right, Cerebellum-to-cerebrum ratio is increased in sub- 
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Fig 5.—Distribiftions of values for the three groups on areas of vermal lobules | through V and VI and VII 
and on the vermal ratio. Left, Vermal | through V areas are decreased in subjects with Down syndrome (DS) 
and are slightly, but not significantly, smaller in subjects with Williams syndrome (WS). Center, Vermal VI 
and Vil areas are increased in subjects with WS. Right, The vermal ratio is increased in subjects with WS. 


ments focused on the comparison of 
subjects with WS with control sub- 
jects, since only two subjects with DS 
could be studied. The vermal VI and 
VII area was significantly larger in the 
subjects with WS, as was the vermal 
ratio. The distributions of values for 
controls, subjects with WS, and sub- 
jects with DS are shown in Fig 5 for the 
vermal I through V area, the vermal VI 
and VII area, and the vermal ratio. 


532 Arch Neurol—Vol 47, May 1990 


COMMENT 


These results suggest an unusual 
pattern of brain dysmorphology in 
WS. The smaller cerebral volume ob- 
served in our retarded subjects was 
consistent with the reported micro- 
cephaly of DS and WS.» Further 
analyses of the cerebral measures sug- 
gested that, although it is smaller in 
the retarded groups, the cerebrum has 


a proportion of gray matter similar to 
that observed in the normal controls, 
and that no gross cerebral volume loss, 
as reflected in increased CSF propor- 
tion, is present in either of these small 
groups of subjects. There is evidence of 
increased areas of signal hyperinten- 
sity in the cortical zone for both 
groups, but the significance of this is 
unknown. 

A significant reduction of the vol- 
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ume of the posterior fossa, as well as 
the cerebrum, was observed in the 
subjects with DS. This is consistent 
with the findings of Crome et al,” sug- 
gesting that in DS, the cerebellum and 
brain stem are more dramatically re- 
duced in size than is the cerebrym. In- 
terestingly, there was also a greater 
proportion of CSF in the posterior fos- 
sa, suggesting some volume loss in the 
cerebellum (in Addition to the hypopla- 
sia reflected in a smaller fossa). In 
striking contrast, subjects with WS 
showed no suggestion of a reduction in 
the overall size of posterior fossa 
structures. This at first appears sur- 
prising, since the cerebellum is often 
described as growing later, and most 
factors affecting cerebral growth 
would be expected to affect the later 
cerebellar growth as well. Studies by 
Dobbing and Sands, however, suggest 
that while the cerebellum grows later, 
it also grows faster, and obtains its full 
complement of cells earlier than the 
forebrain. Although these authors 
consider that the neuronal cell popu- 
lation is complete as early as 18 weeks’ 
gestation, they note that because of 
differences in the rate of cell multipli- 
cation in the glial populations respon- 
sible for most of the brain growth 
spurt, the cerebellum achieves adult 
cell numbers at about age 18 months, 
when the forebrain has only about 
60% of its full complement of cells. 
Since the cause of WS is still unknown, 
the unusual findings reported here 
may have some implications for can- 
didate mechanisms, either environ- 
mentally or genetically mediated, by 
which development of the brain is af- 
fected. 

Prompted by recent studies by 
Courchesne et al''! showing signifi- 
cant differences in vermal morphology 
in autistic subjects, we examined the 
posterior fossa structures of our sub- 
jects more carefully, using similar 
methods. In the earlier studies of au- 
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tistic subjects, vermal I through V ar- 
eas were comparable with those in 
controls; however, vermal VI and VII 
areas were reduced, and in some cases, 
the hypoplasia was pronounced. The 
present results in WS showed a sur- 
prising reversal of the pattern ob- 
served in autism. The vermal I through 
V area was, as in autism, not signifi- 
cantly different from that in controls, 
although it tended to be slightly 
smaller in WS; however, the vermal VI 
and VII area in WS was significantly 
larger than in controls, and the vermal 
ratio showed no overlap between nor- 
mal controls and subjects with WS. 
Thus, an anomalous pattern is sug- 
gested, with neocerebellar vermal lob- 
ules VI and VII preserved, and possibly 
hyperplastic, in the context of low- 
normal paleocerebellar vermal devel- 
opment and significantly reduced fore- 
brain size. This, of course, presumes 
that changes in cross-sectional areas 
of the vermal lobules reflect altered 
volume of the cerebellar regions. Since 
neocerebellar areas of the cerebellum 
compose a larger proportion of this 
structure than do paleocerebellar re- 
gions, hyperplasia of these regions 
might be expected to produce an over- 
all increase in cerebellar volumes. No 
significant increase was observed in 
the present study. One explanation is 
that the increased vermal VI and VII 
area is due to a change in shape of the 
cerebellum rather than hyperplasia. 
For example, reduction in lobules I 
through V may have altered the shape 
of preserved lobules VI and VII so that 
they appear larger in cross section. 
Another possibility is that reduced 
paleocerebellar size sufficiently offsets 
the increase in neocerebellar size to 
prevent an overall increase that is de- 
tectable with four subjects. Further 
studies may help to resolve this ques- 
tion. 

Unfortunately, it is not clear at this 
point whether the observed reduction 
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in cerebral volume is due to diffuse 
factors or to the reduction of specific 
cerebral subsystems. It is possible that 
cerebral structures linked anatomi- 
cally to the neocerebellar vermis, such 
as thalamus and frontal cortex, or ce- 
rebral structures developing in close 
temporal coutiguity with the neocere- 
bellum, may also show selective pres- 
ervation. Further studies to address 
this question are under way. 

In the present study, most of the 
mentally retarded subjects were teen- 
agers. In contrast, controls were 
drawn from two groups: children aged 
8 to 10 years, and adults aged 26 to 32 
years. Although, ideally, subjects 
should be individually age-matched, it 
seems reasonable to assume that val- 
ues on morphological variables in 
teenagers will be intermediate be- 
tween those in children and those in 
young adults. The relationship of cer- 
ebellum to cerebrum observed here is 
abnormal in WS relative to either sub- 
group of controls, as is the vermal ra- 
tio. Thus, the results do not appear to 
be attributable to imperfect age- 
matching. 

It is unclear whether the unusual 
preservation of specific linguistic ca- 
pacities in WS, in the context of 
marked retardation in other cognitive 
domains,’ may be related to the ob- 
served preservation of cerebellar 
structures in the context of cerebral 
maldevelopment. Further studies are 
under way to examine the specific re- 
lationships between the neuropsycho- 
logical characteristics of WS and the 
morphological anomalies here noted. 
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Seizure Risk With Recurrent Alcohol Detoxification 


e 
Richard Lechtenberg, MD, Theresa M. Worner, MD 


è To determine if there is an increase in 
the risk of seizure activity when patients 
experience recurrent alcohol detoxifica- 
tions, we reviewed the detoxification and 
seizure histories of 256 men and 45 
women voluntarily admitted to a 5-day in- 
patient detoxification program. Structural 
brain damage, focal neurologic deficits, 
epileptogenic findings on electroenceph- 
alograms, and provocative drug use were 
all considered pertinent variables for sei- 
zure risk. Seizures did not occur during al- 
cohol detoxification in any of the study 
patients, despite a high incidence of ante- 
cedent seizures and provocative drug use. 
Oral chlordiazepoxide use during detoxifi- 
cation was associated with the elimination 
of withdrawal seizures. Of all 301 patients, 
64 had a history of seizures, 42 had signif- 
icantly abnormal electroencephalograms 
during detoxification, and 30 had focal 
slowing on the electroencephalogram. 
There was no correlation between the du- 
ration of alcohol abuse or lifetime con- 
sumption of alcohol and seizure activity. 
There was, however, a significant correla- 
tion between the number of inpatient al- 
cohol detoxifications and the prevalence 
of seizure disorders. This correlation held 
true even when provocative drug use was 
taken into consideration. 

(Arch Neurol. 1990;47:535-538) 


Alcohol withdrawal is an established, 

but presumably transient, cause 
of seizures in humans.'* That pro- 
tracted abuse of alcohol increases the 
risk of developing withdrawal seizures 
or seizures independent of alcohol 
withdrawal is much more controver- 
sial.’ There is, however, no contro- 
versy about the high risk of seizures 
faced by chronic alcoholics during the 
first few days after stopping or signif- 
icantly reducing alcohol consump- 
tion.!* That the risk of seizure activity 
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increases with recurrent alcohol de- 
toxification, rather than with pro- 
tracted alcohol consumption, has been 
suggested by at least one study.’ Such 
an effect of recurrent alcohol with- 
drawal would be consistent with a kin- 
dling model of seizure activity in alco- 
holic individuals*':! and would explain 
why protracted alcohol abuse is asso- 
ciated with a higher incidence of sei- 
zures in some populations.‘ 

By studying a large population of 
alcoholic men and women voluntarily 
admitted to a highly structured in- 
patient detoxification program, we 
sought to determine whether recur- 
rent detoxifications were associated 
with an increasing prevalence of sei- 
zure histories. The confounding effect 
of associated drug abuse could be min- 
imized by extensive drug histories and 
toxicologic screens performed on pa- 
tients admitted to the program. We 
were able to look for correlations be- 
tween seizure activity and protracted 
alcohol abuse or recurrent detoxifica- 
tions because many of the patients in 
the program had histories of alcohol 
abuse extending back decades and 
had well-documented prior detoxifica- 
tions. 


PATIENTS AND METHODS 
2 Patient Selection 


Patients requesting admission for alco- 
hol detoxification and meeting preestab- 
lished criteria were admitted to a desig- 
nated unit serviced by physicians and 
nurses with specific training in the man- 
agement of alcoholic patients. Criteria ex- 
cluding patients from the unit and, there- 
fore, from the study included evidence of 
psychoticfr violent behavior, suicidal ide- 
ation or activities, acute medical problems, 
such as myocardial infarction, severe gas- 
trointestinal bleeding, or pneumonia, and 
inapparent need for alcohol detoxification. 
The study was started in November 1987, 
and continued through December 1988. 
Whether alcohol detoxification was re- 
quired was determined by a physician. In- 
formation on prior hospitalizations for 
detoxification, rehabilitation, and other 
medical procedures were collected from the 
patients’ hospital records at the time of ad- 
mission and was supplemented by patient 
and family reports. 

The physicians and ancillary staff admit- 


ting and managing the patients were not 
told that a study was being conducted. 
Physicians not involved in the study were 
primarily responsible for the patients ad- 
mitted to the unit. No details of the study 
were discussed with the patients or the ad- 
mitting physicians. 

Patients using antiepileptics, such as 
phenytoin, at the time of admission were 
identified and antiepileptic drug levels were 
measured. Patients with well-documented 
seizures were categorized into primary, sec- 
ondary, or alcohol withdrawal on the basis 
of the clinical history and associated neu- 
rologic findings. 


Test Battery 


Admission histories and physical exami- 
nations were obtained on all patients, with 
specific inquiries directed at identifying 
past neurologic problems and past hospital 
admissions. Although race was reported as 
part of the database, a racial analysis was 
considered inappropriate in this population 
because of the high prevalence of racially 
mixed individuals. Neurologic deficits were 
sought as part of the admitting physical 
examination. Seizure histories were docu- 
mented based on reports from the patient, 
reports from family members interviewed 
along with the patient, and episodes ob- 
served during prior hospitalizations. 

Electroencephalograms (EEGs) were ob- 
tained on all patients and were analyzed by 
at least one board-certified electroencepha- 
lographer. The EEGs were scheduled 48 to 
72 hours after admission. The electroen- 
cephalographers were aware that the pa- 
tients were in the detoxification program 
and wer@advised as to what drugs they had 
been givéh and what neurosurgical proce- 
dures they had undergone. The electroen- 
cephalographers were not aware that a 
study was being conducted and were not 
told which EEG characteristics were being 
monitored. If the EEG was abnormal in any 
way other than drug effects, the patient was 
advised to have computed tomography of 
the head. Patients were monitored for any 
evidence of seizure activity. 

Admitting hematologic studies included 
complete blood cell counts, with white cell 
differential counts, electrolyte levels, ala- 
nine aminotransferase, aspartate amino- 
transferase, lactate dehydrogenase, cre- 
atine kinase, serum urea nitrogen, creati- 
nine, and prothrombin time. Routine 
urinalyses and electrocardiograms were 
also obtained. Breath alcohol levels and 
urine toxicologic screens were obtained on 
admission. The toxicologic screen checked 
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Table 1.—Demographic 
Characteristics of Subjects 
Admitted for Detoxification 


Male Female 


(n = 256) (n = 45) 
41+ 15 41+ 13 
54 patienés 10 patients 


Age, y, X + SD 


Antecedent 
seizures 


Alcohol history 288 + 200 296 + 431 
Grams per day, 
X + SD 


Years, X + SD 25+ 10.3 22.3 + 9.9 


for cocaine, morphine, barbiturates, qui- 
nine, codeine, diazepam, methadone, am- 
phetamines, and phenothiazines. Patients 
treated with antiepileptic medication for 
whatever reason had their admission ther- 
apeutic drug levels checked. 


Treatment Regimen 


All patients received thiamine as a 100- 
mg intramuscular bolus on the day of ad- 
mission. Chlordiazepoxide was adminis- 
tered orally at a dose dictated by the pa- 
tients signs and symptoms of alcohol 
withdrawal. The most tremulous and agi- 
tated patients were given as much as 50 mg 
of chlordiazepoxide hourly until their agi- 
tation abated. Most patients required 25 to 
30 mg of chlordiazepoxide orally every 6 
hours on the first day of hospitalization, 
with the dosing interval increased to every 
8, 12, and 24 hours on successive days after 
admission. 

All patients attended educational lec- 
tures and participated in group and indi- 
vidual counseling. Alcoholics Anonymous 
meetings were held daily. Narcotics Anon- 
ymous meetings were held three times per 
week. 


Data Analysis 


The physician collecting the data from 
the uninvolved primary observers was not 
involved in any of the computer input or 
statistical analysis of the data. Physicians 
analyzing the EEGs, computed tomograms, 
and other specifically neurologic investiga- 
tions were unaware of the study being done 
and had no relevant discussions with the 
physicians analyzing the data. Otr inves- 
tigations, including the toxicologic studies, 
were performed in unrelated lalsoratories 
that were also uninformed regarding the 
items being studied. Significant differences 
were determined by x? analysis. 


RESULTS 


Characteristics of the patients ad- 
mitted for alcohol detoxification are 
shown in Table 1. The mean ages of 
men and women were comparable, as 
were the reported quantities and du- 
ration of alcohol consumption. About 
20% in each group reported an ante- 
cedent seizure. Patient compliance 
with the detoxification regimen was 
good, except in 16 cases in which 
the patients discharged themselves 
against medical advice. Thirty pa- 
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Table 2.—Association of Illicit Drug Use, Electroencephalographic (EEG) Abnormalities, 
Seizure Histories, and Head Trauma Histories 


Total 
No. of 
Patients 


Abnormal 
EEGs 


Cocaine 
Heroin 
Marijuana 
Methadone 
Phencyclidine 





tients had taken phenytoin at or near 
the time of admission: 25 of them 
received the drug for alleged seizures 
before admission. There was no obvi- 
ous reason for the drug prescription in 
the remaining 5 individuals. Pheny- 
toin levels were invariably subthera- 
peutic (less than 10 mg/L). 

Even though screening profiles were 
developed to exclude opiate-dependent 
individuals, a large segment of the 
population studied was actively, or re- 
cently, abusing heroin. The illicit use 
of other substances was also prevalent, 
with cocaine being the preferred sub- 
stance of abuse. Patients often admin- 
istered cocaine by several different 
routes, including snorting, intrave- 
nous injection, and crack smoking. 

A disproportionate segment of the 
patients with a history of seizures had 
illicit drug abuse in addition to alco- 
holism. Although amphetamine, co- 
caine, or phencyclidine use may induce 
seizures, the drug most often associ- 
ated with an increase in seizure re- 
ports in this population was heroin 
(Table 2). Of the 65 patients who had 
abused heroin, 20 had seizure histo- 
ries. However, patients abusing heroin 
commonly abused other drugs, includ- 
ing cocaine. Sixty-three percent ef the 
patients using heroin also used co- 
caine, and 17% had significant head 
trauma. Because toxicologic screens 
were performed, many individuals 
who concealed their use of cocaine 
were identified. 

The serum magnesium levels were 
measured in 77 of the study. partici- 
pants. Magnesium levels on admission 
to the program ranged from 0.45 to 1.11 
mmol/L, with a median value of 0.75 
mmol/L. More than a third of the pa- 
tients studied had magnesium levels 
below 0.74 to 1.15 mmol/L, which was 
the normal range in the laboratory 
performing the test. 


Seizure Incidence 


Seizures did not occur during detox- 
ification in any of the study patients 
even though at least a third of the pa- 
tients had risk factors other than al- 


Sharp 
Waves 


Head 
Trauma 


Focal Slow Seizure 
Slowing Background History 





Table 3.—Patients With Risk Factors 
for Seizures Other Than Alcohol 
Withdrawal * 


Risk Factor Total 


Cocaine or phencyclidine use 
















Head trauma 42 
Focal slowing on EEG 30 
Abnormal CT 6 







Neurosurgery 
Epileptogenic EEG focus 









* EEG indicates electroencephalogram; CT, com- 
puted tomography. 


cohol withdrawal disposing them to 
have seizures (Table 3). These risk fac- 
tors included a history of seizures, ev- 
idence of massive head trauma, struc- 
tural abnormalities on computed 
tomographic scan of the head, epilep- 
togenic foci on EEG, and evidence of 
focal brain damage on EEG. Of 64 pa- 
tients with a history of seizures, only 
30 were exposed to any specifically an- 
tiepileptic medication just before or at 
the time of detoxification. The ages, 
duration of alcohol abuse, and quan- 
tity of alcohol consumed for individu- 
als with and without seizure histories 
was comparable. Even the few patients 
with prior neurosurgery, such as sub- 
dural hematoma evacuation, or cere- 
bral injuries, such as contusions and 
infarctions, did not develop seizures 
during detoxification. 


Neurologic Deficits 


Dysarthria, tremors, ataxia, nystag- 
mus, dementia, or hemiparesis were 
observed in 38 patients. The most com- 
mon neurologic problems were hand 
tremor and gait ataxia. There were too 
few patients affected to convincingly 
correlate the neurologic findings with 
head trauma, seizure disorders, or il- 
licit drug use, but it is worth noting 
that 23 of 38 patients with neurologic 
signs had a history of head trauma, 
seizures, illicit drug use, or a combina- 
tion of these variables. 


EEG Results 


Forty-two patients had significantly 
abnormal EEGs. These included 3 with 
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Table 4.— Seizure Prevalence With 
Recurrent Inpatient Detoxification * 











Total Seizure Abnormal 
Detoxification No.of History, EEGs, 
Admissions Patients No. (%) No. (%) 













131 14(11) 2g (18) 

52 11 (21) 9 (17) 

3 41 11 (27) 4 (29) 
89 12 (31) 2 (5) 


38 16 (42) 4 (11) 





* EEG indicates electroencephalogram. 


Table 5.— Seizure Prevalence With 
Years of Alcohol Abuse * 


Total 
No. of 


Seizure 
History, Abnormal 


EEGs 


Years of 


Alcoholism Patients No. (%) 


5 (11) 
3 (21) 
7 (23) 
7 (16) 
16 (34) 
11 (24) 
10 (29) 
5 (12) 


* EEG indicates electroencephalogram. 


spike or sharp wave foci, 30 with focal 
slowing, and 9 with abnormally slow 
backgrounds. Beta-wave activity was 
evident in most records, but this was 
not considered a significant abnormal- 
ity since all of the patients were re- 
ceiving high-dose chlordiazepoxide. 
Although photic stimulation was used 
during most recording sessions, none 
of the patients exhibited photoconvul- 
sive phenomena. 

Electroencephalographic abnormal- 
ities in the population abusing cocaine 
were proportionate to those in the 
general population studied, but a dis- 
proportionate segment of the popula- 
tion that abused heroin and had ab- 
normal EEGs also abused cocaine. The 
absolute number of patients involved 
was small. 


Correlation Studies 


Patients admitted for detoxification 
more than once exhibited an increased 
prevalence of seizure histories. The 
prevalence of seizures correlated di- 
rectly with the number of detoxifica- 
tion admissions (Table 4). Eleven per- 
cent of the patients entering detoxifi- 
cation for the first time had seizure 
histories, whereas 42% of those enter- 
ing detoxification for the sixth time or 
more had seizures before the current 
admission. Seizures were not more 
prevalent in patients with EEG abnor- 
malities. Because one might expect 
that patients submitting to the most 
detoxifications would be those who had 
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the longest history of alcohol abuse, we 
compared seizure prevalence with 
years of alcohol abuse (Table 5). There 
was no correlation between years of 
alcohol abuse, quantity of alcohol 
abused, or type of beverage consumed 
and seizure history. 


COMMENT 


There is a high incidence of with- 
drawal seizures during the first 7 to 48 
hours after cessation of chronic alco- 
hol ingestion if patients are given 
no benzodiazepines or antiepileptic 
drugs.? About 12% of alcoholic indi- 
viduals will develop withdrawal sei- 
zures even if they have no other factors 
disposing them to have seizures.’ Be- 
cause of this short-term susceptibility 
of alcoholic individuals to seizure ac- 
tivity, many physicians routinely pre- 
scribe short-term antiepileptic medi- 
cations.® Antiepileptic drugs are often 
used in combination with thiamine 
and benzodiazepines, drugs specifi- 
cally intended to decrease the risk of 
Wernicke’s encephalopathy and to re- 
duce the symptoms associated with al- 
cohol withdrawal. 

Some types of recurrent seizure ac- 
tivity may induce satellite seizure foci 
through a kindling effect on the cere- 
bral cortex, a phenomenon that hypo- 
thetically might occur even when the 
epileptic irritants are alcohol with- 
drawal seizures.’ If alcohol with- 
drawal seizures did exert this kindling 
effect, individuals with long histories 
of alcoholism and recurrent episodes 
of complete alcohol withdrawal, such 
as would be expected with voluntary 
inpatient detoxification, would be at 
higher risk for seizure activity. Studies 
at Harlem Hospital Medical Center, 
New York, NY, supported the notion 
that*alcoholic individuals exhibited an 
increased risk of seizure activity with 
increasing years of alcohol abuse.’ In 
the population studied, controlled in- 
patient detoxification was the excep- 
tion rather than the rule and the con- 
founding effect of illicit drug abuse 
was not considered. Other investiga- 
tors hawe suggested that recurrent 
detoxification, rather than protracted 
alcohol abuse, is the factor most im- 
portant in inducing a lower seizure 
threshold in chronically alcoholic in- 
dividuals.’ 

Whether protracted alcohol abuse or 
recurrent detoxification or an unrec- 
ognized mechanism increases seizure 
risk in alcoholic individuals is of con- 
siderable importance in designing 
detoxification regimens. Many detoxi- 
fication centers currently use conven- 
tional antiepileptic drugs, such as 
phenytoin, phenobarbital, and car- 


bamazepine, as a routine part of their 
detoxification regimen.*'?"* Other com- 
monly used drugs include chlordiaze- 
poxide and diazepam, benzodiazepines 
with no substantial antiepileptic ac- 
tivity when taken orally.*!”'*"> The rel- 
atively short half-life of diazepam 
makes its antiepileptic effects tran- 
sient even when it is administered 
intravenously. Other benzodiaz- 
epines, such as lorazepam, have been 
used as antiepileptics with success in a 
few trials, but experience with these 
drugs in alcoholic populations is lim- 
ited. Benzodiazepine binding may be 
selectively reduced in epileptogenic 
foci, thereby thwarting any antiepilep- 
tic activity they might exert in indi- 
viduals with structural lesions causing 
seizures. '® 

The experience with chlordiaze- 
poxide as part of detoxification regi- 
mens is extensive, but it has not been 
used as an antiepileptic in patients 
with seizures unrelated to alcohol 
withdrawal and is not generally re- 
garded as a reliable antiepileptic for 
alcoholics undergoing detoxification. 
However, studies on small groups of 
patients” suggest that aleohol with- 
drawal seizures are infrequent in indi- 
viduals treated with chlordiazepoxide 
alone, an observation confirmed by our 
own series. In our population, chlor- 
diazepoxide alone was adequate to sup- 
press both alcohol withdrawal seizures 
and delirium tremens. That this ben- 
zodiazepine was invariably sufficient 
to suppress clinically apparent seizure 
activity during alcohol detoxification 
supports the hypothesis that it has 
cross-tolerance with alcohol and in- 
hibits dramatic changes in neuronal 
membranes during detoxification." 
That it suppressed clinically apparent 
seizures does not mean, however, that 
it fully suppressed epileptogenic foci in 
the brains of alcoholics, foci that could 
still ext a kindling effect on the brain 
each time the patient faces alcohol 
withdrawal. 

All of these considerations assume 
considerable significance if antiepilep- 
tic activity is more important during 
detoxification than the mere suppres- 
sion of clinical seizures. Oral chlor- 
diazepoxide was clearly sufficient in 
our population to suppress clinical sei- 
zure activity during inpatient detoxi- 
fication, but we would not expect it to 
affect the kindling effect of epilepto- 
genic foci and clinically inapparent 
seizure activity. If recurrent detoxifi- 
cation favors the appearance of seizure 
disorders, aggressive antiepileptic 
regimens would seem appropriate for 
all patients voluntarily submitting to 
alcohol detoxification. If the longevity 
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of chronic alcohol abuse is most in- 
strumental in inducing seizure activity 
in alcoholics, specifically antiepileptic 
regimens for detoxification become 
largely irrelevant. The confounding 
effect of illicit drug abuse must be 
minimized to determine if either 
mechanism of cumulativ® seizure ac- 
tivity is valid. 

In our population of voluntarily ad- 
mitted patients, chlordiazepoxide and 
thiamine sufficed to prevent with- 
drawal seizures even in those subjects 
with EEG evidence of epileptogenic 
foci. That the EEGs on these patients 
did not exhibit photoconvulsive phe- 
nomena supports the impression that 
susceptibility to seizures was low, but 
the 48-hour delay in obtaining record- 
ings undoubtedly played a role in the 
normalization of the EEG records. 
Sensitivity to photic stimulation is 
greatest during the first few hours or 
days after a withdrawal seizure occurs 
and is substantially increased only 
from 12 to 48 hours after alcohol 
withdrawal.” The relative normal- 
ization of the EEGs in these patients 
on chlordiazepoxide may be ascribed 
at least in part to cross-tolerance be- 
tween ethanol and chlordiazepoxide.”! 
Substantial EEG abnormalities were 
evident in many of our patients, even 
when the patients had no history of 
seizures. 

That chlordiazepoxide is a reliable 
inhibitor of alcohol withdrawal sei- 
zures, but an otherwise unreliable 
drug for managing seizures unrelated 
to chronic alcohol ingestion, is proba- 
bly attributable to its ability to inter- 
act with membrane receptors or chan- 
nels proliferating in the presence of 
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ethanol.” These excess ion channels 
are presumed to be the basis for the 
altered seizure threshold in ethanol 
withdrawal. Chlordiazepoxide must be 
able to inhibit ion transfer across 
these channels without stimulating 
their proliferation. That chlordiaze- 
poxide appeared to inhibit seizures in 
the few individuals in our study who 
had seizures unrelated to alcohol with- 
drawal probably reflects inhibition of 
the drop in seizure threshold that 
these epileptic individuals usually ex- 
perienced with alcohol withdrawal. 

Because of the exclusionary criteria 
used to select patients for admission to 
the detoxification unit, one would ex- 
pect the population that we dealt with 
to be more homogeneous than that in 
many other studies done in inner city 
hospitals.°”? Having a more homoge- 
neous population would be desirable 
because it limits the variables affect- 
ing the observations, but our demo- 
graphic studies suggest that our popu- 
lation was diverse despite the restric- 
tive admission policy. The distribution 
of ages, duration of alcohol abuse, va- 
rieties of other drugs abused, and vol- 
umes of alcohol consumed suggest that 
our population was representative of a 
wide spectrum of chronic alcoholic in- 
dividuals. 

We were able to some extent to check 
the drug histories provided by our pa- 
tients with toxicologic screens per- 
formed at the time of admission. These 
screens revealed that a large segment 
of the population provided inaccurate 
or incomplete accounts of their current 
drug use. This was considered impor- 
tant because of the provocative effects 
of cocaine use and barbiturate with- 
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drawals in seizure induction, but pa- 
tients using these substances did not 
have an increased risk of developing 
seizures over that already high risk 
exhibited by the overall alcoholic pop- 
ulation. Patients abusing heroin did, 
howevêr, exhibit a greater tendency to 
have seizures, especially if they con- 
currently abused cocgine. Taking into 
consideration these expected and un- 
expected drug effects, we did not find a 
consistent pattern strongly linking 
seizure disorders in this alcoholic pop- 
ulation with the abuse of any other 
provocative substances. We assume 
this is because in terms of inducing 
seizure disorders, alcohol abuse is as 
provocative as or more provocative 
than the other substances used by our 
patients. 

Our statistics did not support the 
Harlem Hospital study, which re- 
ported an increasing probability of 
seizure disorders with increasingly 
protracted abuse of alcohol.’ Method- 
ologic differences and population char- 
acteristics may account for the dis- 
crepancy between our results and 
those of the Harlem Hospital study.” 
Our experience, however, does support 
the hypothesis that repeated detoxifi- 
cations increase the probability that a 
seizure disorder of some sort will de- 
velop, perhaps as a kindling effect of 
the detoxification.’”** Whether the 
management of patients submitting to 
elective detoxifications should involve 
conventional antiepileptic medica- 


etions, such as phenytoin and lo- 


razepam, or be limited to agents effec- 
tive against alcohol withdrawal sei- 
zures, such as chlordiazepoxide, may 
require extensive longitudinal studies. 
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Vaccine-Associated Paralytic Poliomyelitis 


Regional Case Series and Review 


Henry Querfurth, MD, PhD, Phillip D. Swanson, MD, PhD 


@ We present 10 cases of vaccine-as- f 


sociated paralytic poliomyelitis from 
Washington State to better acquaint phy- 
sicians with the signs and symptoms of 
this condition. Diagnosis may be delayed, 
and milder cases may be overlooked, ow- 
ing to the unfamiliarity of physicians with 
the condition. Based on these 10 cases, a 
rate of 6.4 cases (recipient plus contact) 
per million live births is estimated for the 
period 1966 through 1988 in Washington. 
This rate is higher than calculated for the 
nation as a whole. The explanation for this 
difference is unknown, although several 
possibilities exist, including case cluster- 
ing. 
(Arch Neurol. 1990;47:541-544) 


I the United States, vaccination has 

nearly eliminated paralytic polio- 
myelitis due to the wild type of virus. 
Killed or inactive poliovirus vaccine 
(IPV) was introduced in 1955 and the 
live attenuated oral poliovirus vaccine 
(OPV) in 1962.'* Soon thereafter, par- 
alytic poliomyelitis began to be re- 
ported in recipients of oral polio vac- 
cine and in unimmunized individuals 
who had contact with vaccine recipi- 
ents.*® The last reported case of polio- 
myelitis in the United States due to 
infection from the wild type of virus 
was in 1979.° Vaccine-associated para- 
lytic poliomyelitis (VAPP) continues 
to occur at a rate of 7 to 10 cases per 
year in the United States.** In this re- 
port we review the experience in 
Washington State over two decades 
and present 10 cases of VAPP. We wish 
to alert clinicians to the importance of 
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suspecting and recognizing this rare 
syndrome. 


PATIENTS AND METHODS 


Vaccine-associated paralytic poliomyeli- 
tis is defined as clinical poliomyelitis with 
residual paralysis lasting more than 60 
days after exposure to OPV.’ For recipi- 
ents of OPV, symptoms might start 4 to 30 
days after administration of OPV. For con- 
tacts, symptoms might start 4 to 60 days 
after administration of OPV to an individ- 
ual to whom the contact was exposed within 
30 days béfore onset of symptoms. Immu- 
nodeficient individuals have demonstrated 
an interval of 14 days to 7 months between 
vaccination and paralytic illness.’ Consis- 
tent with the definition is the demonstra- 
tion that vaccine virus is shed by recipients 
more than 30 days after administration.*"°"' 

We identified patients with VAPP in 
Washington State through the state De- 
partment of Social and Health Services, 
Epidemiology Branch. We reviewed medi- 
cal charts to confirm the diagnosis and to 
abstract additional information. One of the 
authors (P.D.S.) examined seven of the pa- 
tients and previously described the first pa- 
tient in this series.? The remainder were 
examined by other members of the Univer- 
sity of Washington Neurology faculty in 
Seattle. Eleven cases in all were found and 
reviewed. One case was excluded from this 
study: a 3-month-old infant who in 1978 
moved out of Washington and developed 
asymmetric weakness shortly after receiv- 
ing the first dose of OPV. The remaining 10 
cases of this series were reported to the 
Centers for Disease Control and confirmed 
as cases of VAPP. Pertinent epidemiologic 
and laboratory data of each case are pre- 
sented in Tables 1 and 2. The cases are listed 
in chronologic order. Four of the 10 cases 
are described in detail below to illustrate 
the problems encountered before the diag- 
nosis was established. 


REPORT OF CASES 


CASE 3.—In December 1976, a 31-year-old 
woman developed chills and meningeal 
symptoms 38 days after her 5-month-old 


daughter received trivalent OPV. The pa- 
tient had received at least two IPVs as a 
child. Five days after the onset of symp- 
toms, she was admitted with a rapidly 
ascending asymmetrical paralysis, a tem- 
perature to 41.1°C, myalgias, hypersensi- 
tivity of the legs, arthralgias, and a macu- 
lar chest rash. Deep tendon reflexes were 
absent. Leg fasciculations developed as the 
upper extremities became involved. Vital 
capacity decreased by 33%. The cerebrospi- 
nal fluid (CSF) on day 1 had a white blood 
cell count of 980 X 10°/L (90% mononucle- 
ar); on day 9, the count was 108 X 10°/L 
(99% mononuclear). An epidural mass was 
considered but a myelogram was normal. 
Three days into her illness, an electromyo- 
gram (EMG) revealed evidence of denerva- 
tion with normal conduction velocities. On 
day 16, EMG of the legs revealed dimin- 
ished and retarded distal motor responses, 
absent responses to proximal stimulation, 
2+ denervation pattern, and no observed 
voluntary motor unit activity. Dexametha- 
sone (Decadron) therapy was begun on day 
18 after admission and continued for 1 week 
for presumptive Guillain-Barré syndrome. 
Stool culture from day 6 yielded type-3 
“vaecine-derived” poliovirus. After 7 
monthsgthe patient was discharged. Exam- 
ination that time revealed marked atro- 
phy and variable paresis of both legs. The 
left intrifsic hand muscles were wasted and 
weak. 

Case 4.—In July 1978, a 6-month-old boy 
received his first OPV and a diphtheria- 
pertussis-tetanus injection in the right 
quadriceps muscle. Seven days later he de- 
veloped right leg flaccid monoparesis with 
no discernible sensory loss. The initial di- 
agnosis was lumbosacral plexitis from the 
injection. Another week elapsed and he de- 
veloped a temperature of 38.3°C and a white 
blood cell count of 18.2 X 10°/L. He was 
hospitalized and noted to have an areflexic 
right-sided monoplegia. Transverse myeli- 
tis and Epstein-Barr virus infection were 
suspected. Culture of a rectal swab yielded 
a type-2 poliovirus. The CSF had a mono- 
nuclear cell count of 16 X 10°/L. An EMG on 
August 2 revealed no voluntary motor units 
and the presence of denervation potentials 
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Days From Vaccination 


Age or >. ——_. 
Case No./ Previous Status of To To EMG/ 
Age/Sex Year Vaccination Contact Prodrome Paralysis Myelogram 
1/29 y/M 1966 0 27 mo 25 29 ND/ND 
2/36 y/M 1971 e? 3 mo 25 32 ND/ND 
3/31 y/F 1976 2 IPV 5 mo 39 43 +/N 
4/6 mo/M 1978 (0) OPV 7 7 +/ND 
recipient 
5/34 y/F 1979 0 3 mo 30 45 ND/N 
6/25 y/F 1980 5 IPV, 1 TOPV 3 mo 35 36 +/N 
7/27 y/M 1981 o 2 mo 18 21 ND/ND 
8/23 y/F 1982 ? IPV, MOPV 1 mo 42 46 +/ND 
(types 1,2) 
9/28 y/M 1983 0 7 mo 23 24 +/A 
10/10 mo/M 1986 2 OPV OPV 112 117-127 +/MRI:N 
recipient 


* EMG indicates electromyography; CSF, cerebrospinal fluid; WBC, white blood cell; TP, total protein; IPV, inactive poliovirus vaccine; OPV, oral poliovirus vaccine; TOPV, 


Admission CSF 





__- Y rerow——— ee" 
WBC Count, 
X10°/L TP, g/L Comments 
124 0.81 
58 0.22 
980 1.13 
16 0.76 + 
cy 
143 0.74 PP 
19 1.14 Severe persistent 
cramps 
335 0.38 Persistent lower back 
spasms 
500 1.31 
155 0.98 
3 0.33 X-linked 


agammaglobulinemia 


trivalent OPV; MOPV, monovalent OPV; ND, not done; plus sign, confirming; N, normal; A, abnormal; and MRI, magnetic resonance imaging. 









* 






Vaccine was derived based on reproductive capacity temperature and Wecker testing 


o 
Table 2.—Viral Antibody Titers by Microneutralization Technique and Viral Isolates From the Reported Cases 


Early Titers 
KKK MMM 


Date of Type Type 
Case Clinical Date of u Date of —. oe  -————-—. Virus 
Paralysis Titer 2 3 2 3 Isolate Type * 
1 2/13/66 2/15/66 4 8 64 4/5/66 32 128t 2 (V) 
2 1/11/71 1/19/71 <4 128 <4 1/31/71 <4 256 <4 2 (V) 


3 12/23/76 12/25/76 320 80 20 1/8/77 640 160 40 3 (V) 


5 1/15/79 1/17/79 640 640 640 2/1/79 200 400 NG 
1/19/79 1280 640 640 6/29/79 160 160 

6 5/29/80 iw A vt At 7/10/80 1280 640 NG 

7 6/6/81 6/8/81 <10 160 <10 6/24/81 <10 100 <10 2 (V) 

8 9/11/82 9/11/82 80 160 <10 9/24/82 1280 40 3 (V) 

9 6/26/83 7/8/83 <10 320 <10 8/29/83 <10 226 <10 NG 





cleotide ‘fingerprinting’ analysis in cases 8 and 10. NG indicates no growth. 
tNeutralizing antibody to ‘‘wild type” virus strains. An eightfold titer to the patient's isolated vaccinelike strain (type 2) was also observed. 


in all muscles of the right leg. Repeated 
EMG 2 months later revealed motor unit 
recovery only in the femoral nerve distri- 
bution, with continued denervatjpn pat- 
terns in the sciatic distribution. al sen- 
sory conduction was normal. The patient 
learned to walk by age 2 years. At age 5 
years he had a flaccid right leg with severe 
wasting and weakness in all muscles except 
for the quadriceps, which had recovered 4+ 
strength. 

CasE 7.—A 27-year-old man, the son of 
Christian Scientists, presented in June 
1981. His family had not been vaccinated 
previously. He had been in contact with a 
2-month-old niece who had received the 
first dose of OPV 8 days before. Ten days 
after their meeting, he developed coryza, 
head cold, malaise, and low back pain. His 
temperature was 38.8°C. He then developed 
urinary hesitancy, orthostatic changes, 
mild right lower extremity weakness, bi- 
lateral nocturnal leg clonus, and changes in 
phonation. On admission 3 days after the 
prodrome there was noticeable left leg pa- 
ralysis, hypotonia, fasciculations, and ab- 
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sent deep tendon reflexes. There was weak- 
ness of elevation of the left soft palate. 
Sensation was normal. The initial diag- 
noses were musculoskeletal pain and neu- 
ritis. The CSF had a white blood cell count 
of 335 X 10°/L (80% lymphocytes). Cox- 
sackie B titers were below 16. Culture of a 
rectal swab 5 weeks after admission yielded 
poliovirus type 2, which was proven vac- 
cinelike by Van Wezel typing and oligonu- 
cleotide mapping." After recovery, he used 
a cane. He had severe weakness and atro- 
phy of the left leg muscles, more marked 
distally. He had occasional persistent pain- 
ful low back spasms. 

Case 9.—In July 1983, a 28-year-old man 
who had never been immunized developed 
headache and low back pain radiating to the 
buttocks and legs 23 days after his 7- 
month-old son received the OPV. The fol- 
lowing morning he was unable to walk. He 
developed nausea and vomited once. The 
following day he was admitted to a hospital, 
where his temperature was 38.3°C. On neu- 
rologic examination, a hypotonic, asym- 
metric paraparesis with areflexia was 


Late Titers 
LLB, 

































'3 in cases 1, 2, and 3; Van Wezel technique in cases 8 and 9; and oligonu- 


noted. There was an inconsistent sensory 
level at L-2. Meningismus was present. A 
ruptured disk was suspected and a myelo- 
gram revealed L4-5 degenerative disk dis- 
ease. The CSF white blood cell count was 
155 X 10°/L, 90% of which were mononu- 
clear. The CSF viral, bacterial, and fungal 
cultures and stool viral cultures were neg- 
ative. Six days after onset, he was trans- 
ferred to another hospital with a presump- 
tive diagnosis of transverse myelitis. Other 
diagnoses considered were anterior spinal 
artery syndrome, arteriovenous malforma- 
tion of the lumbar cord, and Guillain-Barré 
syndrome. On examination he had flaccid 
paresis of the right leg except for slight 
movement. Deep tendon reflexes were ab- 
sent at the knees and right ankle but 
present at the left ankle. No sensory 
changes were noted. A Foley catheter was 
placed for a 400-mL bladder residual vol- 
ume. A computed tomographic scan of L4-5 
did not substantiate cauda equina involve- 
ment. On day 12, nerve conduction latencies 
and H wave reflexes of lower extremities 
were normal. No voluntary motor units 
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Table 3.— Summary of Selected Reports of the Risk for VAPP* 


United States 


Washington State, 
1966-1988 


Total VAPP cases, No. 10 (8) 
(contact cases) 
Approximate annual birth 
rate, No. 
VAPP cases, No. pêr million 
live newborn e 
OPV doses, No. distributed 
per VAPP case 


Source, y 





Present study; 


Bader,*® 1984 


were noted. By day 27, denervation poten- 
tials were present in the weak muscles. The 
flaccid right lower extremity recovered 
some strength by 7 months. However, he 
still required an ankle-foot orthosis and 
crutches. 


COMMENT 


Each of the 10 patients had clinical 
features characteristic of the spinal 
form of poliomyelitis: rapid onset of 
asymmetrical paralysis associated 
with a febrile illness. Cerebrospinal 
fluid pleocytosis was demonstrated in 
all but case 10, in which lumbar punc- 
ture was done at 7 weeks. Patient 7 had 
transient bulbar symptoms. Subse- 
quent examinations in all cases re- 


_ vealed persistent asymmetrical weak- 


ness and atrophy of limb muscles. The 
EMGs, when done, showed a pattern of 
muscle denervation consistent with 
anterior horn cell disease. All met the 
criteria set forth by the Centers for 
Disease Control to diagnose VAPP.’ In 
several instances, however, the diag- 
nosis was not suspected by the first 
treating physicians or consulting neu- 
rologists. Failure to diagnose typical 
poliomyelitis probably is due to physi- 
cians’ lack of familiarity with the dis- 
ease. Diagnoses suspected at the time 


+ of presentation included collagen-vas- 


cular disease, hypothyroidism, lum- 
bosacral plexitis, herniated disk, 
polyradiculoneuropathy, aseptic men- 
ingitis, motor neuron disease, epidural 
abscess, transverse myelitis, spinal 
cord tumor, multiple sclerosis, Guil- 
lain-Barré syndrome, and diphtheria- 
pertussis-tetanus radiculoplexitis. In 
four patients (cases 2, 5, 6, and 9) the 
presence of sensory signs may have 
been misleading, although in each in- 
stance these signs were not reproduc- 
ible. Persistent sensory loss has been 
reported with poliomyelitis, but is 
distinctly unusual. 

Our cases represent a nonepidemic 
form of poliomyelitis distinct from the 
epidemic form such as occurred in 
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1965-1972 
55 (39) 


1965-1978 
97 (70) 


3.3 million 
3.7 million 3.6 million 


Nathanson 
and Martin,*® 
1979 


Schonberger et 
al,” 1976 


1979, when 13 individuals amorig the 
Amish population were afflicted with 
paralytic poliomyelitis from the type- 
1 wild virus.‘ None of our isolates was 
classified as wild virus. Only patient 10 
was immunodeficient. None was con- 
sidered to have indirectly acquired the 
infection through the community res- 
ervoir. Although definitive serotyping 
or isolation was lacking in three of our 
cases, typical clinical and laboratory 
findings in association with appropri- 
ate exposure is sufficient to make the 
diagnosis of VAPP.™ In the United 
States from 1978 to 1983, of 28 cases of 
endemic poliomyelitis in which iso- 
lated strains were characterized, only 
2 were classified as wild.’ 

Two of the 10 patients described 
here were infants who developed po- 
liomyelitis after receiving trivalent 
OPV. The remaining 8 were adults 
aged 23 to 36 years who had been in 
contact with a recently immunized in- 
fant. In 5 of the 8 contact cases, illness 
developed after exposure to an infant 
who had received only the first dose of 
oral polio vaccine. The vaccinations 
took place 1% to 6 weeks prior to onset 
of illness in the contact. Five of the 8 
adults had never been immunized 
against poliomyelitis. Of the other 3 
who had been immunized, 1 (case 3) 
may have received IPV in the 1950s. 
Another (case 6) had received five 
doses of IPV and one trivalent OPV 
booster. Patient 8 had received at least 
monovalent OPV (types 1 and 2 only) 
in 1962. None of the patients experi- 
enced late deterioration in motor func- 
tion. 

Our local experience is similar to the 
1979 Centers for Disease Control sum- 
mary, which, for the period 1969 to 
1979, reported that 51 of 87 patients 
with VAPP (including immunodefi- 
cient individuals) were unimmu- 
nized.'*'© In another series, 33 of 50 
contact cases were unimmunized.” In 
our patients, type 2 was the most fre- 
quently isolated or implicated vaccine 


1969-1980 
92 105 (=50) 


3.2 million 


Advisory 
Committee,” 
1982 


* Ranges of years are inclusive. VAPP indicates vaccine-associated paralytic poliomyelitis; and OPV, oral poliovirus vaccine. 


1973-1984 1980-1982 


20 (14) 


3.6 million 


2.6 million 


Melnick, '® 1978 Evans et al," 


1985 





strain. Melnick! thought type 2 was 
more common than type 3; Salk’ indi- 
cated type 2 and type 3 were equally 
common. It is notable that neuroviru- 
lence requires only a single nucleotide 
change in a noncoding region of the 
polio vaccine genome.” 

The risk of contracting VAPP can- 
not be precisely estimated because the 
actual number of recipients of a first- 
dose OPV and the number of suscepti- 
ble individuals in contact with the 
vaccines are not known. A rate of 
VAPP for recipients plus contacts dur- 
ing 1966 through 1988 for Washington 
State is conservatively estimated from 
this study to be one case per 156 400 
live-born infants (6.4 per million) (Ta- 
ble 3). In our study, one can also calcu- 
late an attack rate of 1 case in approx- 
imately 560000 administered vaccine 
doses. In comparison, the 1976 swine 
flu vaccine produced one case of Guil- 
lain-Barré syndrome in 100000 doses 
of administered vaccine, and a similar 
rate was noted for pertussis 
encephalopathy.” In the United States 
as a whole, 105 cases were reported 
from 1973 through 1984.1672: One can 
therefore estimate a national attack 
rate of 1 case per 378 476 live-born in- 
fants A per million). The higher rate 
of VAPP (contacts plus recipients) per 
live-borf infant (6.4 per million vs 2.5 
per million; P < .01 by Poisson distri- 
bution) noted for Washington State in 
contrast with the nation as a whole has 
several potential explanations. The 
difference is solely accounted for by 
the predominance of contact VAPP 
cases (P = .001). It may represent sta- 
tistical aberration due to small num- 
bers of cases.” A high rate of regional 
vaccination status achieved since the 
mass immunization campaign in 1963 
does not suggest that Washington 
State has more susceptible adults then 
does the United States as a whole. Dif- 
ferences in genetic susceptibility or 
sanitation are probably of little 
importance.** Perhaps many cases 
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are simply being undiagnosed or unre- 
ported on a national scale, or perhaps 
there are regional differences in case 
ascertainment. Another likely expla- 
nation is that the observed difference 
reflects a “case clustering” in space.” A 
recent cluster of VAPP cases was 
noted in recipients from Mndiana.” Two 
of our 10 cases occurred in the eastern 
portion of our state, where 25% of the 
population reside, suggesting a lack of 
clustering. 

Currently in the United States, the 
Advisory Committee for Immuniza- 
tion Practices suggests that OPV be 
administered to a child regardless of 
the vaccine status of adult household 
contacts.’ The Institute of Medicine 
has recommended no changes in the 
present policy.”’ The responsible adult 
is to be informed of the small risk of 
developing poliomyelitis, and may re- 
quest enhanced IPV (E-IPV) for the 
infant. Oral poliovirus vaccine and 
IPV probably can be given safely dur- 
ing pregnancy.” In this situation the 
Advisory Committee for Immuniza- 
tion Practices recommends that OPV 
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be used, but only if immediate protec- 
tion is necessary. Immunocompro- 
mised individuals should not receive 
OPV? and should only receive E- 
IPV.” Routine primary vaccination for 
adults is recommended for those who 
are at risk of exposure to the wild vi- 
rus through travel or work. Enhanced 
IPV is preferred to OPV, with three 
doses at intervals of 1 to 2 months, fol- 
lowed in 6 to 12 months by a fourth 
dose.*?’ 

To circumvent the problem with 
OPV-induced recipient or contact 
VAPP, modifications in the present 
immunization program have been pro- 
posed. Unimmunized (thus potentially 
susceptible) parents are recommended 
to receive a prior course of initial vac- 
cinations (E-IPV) if their child’s full 
immunization will not be jeopardized 
or unduly delayed.*”’ A program using 
sequential E-IPV followed by OPV 
should eliminate recipient VAPP and 
decrease contact cases” and has been 
successfully used in Denmark”? and 
Gaza.” Several schedules combining 
the two vaccines are discussed in re- 
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ANEURYSM VS MENINGIOMA 


INFORMATION FROM CT 





t 
Figure 1. Precontrast scan, A 1.25-cm bulb- Figure 2. Postcontrast scan. Scan following 
shaped mass lesion is seen posterior contrast shows that the lesion is anterior 
to the carotid artery (arrow) in noncontrast to the middle cerebl artery (arrow), but can- 
CT scan. not confirm diagnosis. Differential diagnosis 


includes aneurysm vs meningioma. 


INFORMATION FROM MRI AFTER 
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Figure 3. T4-weighted MRI scan Figure 4. T2-weighted MRI scan Figure 5. T1-weighted MRI scan 
pre-MAGNEVIST® injection (TR 500, TE 15.4). pre-MAGNEVIST® injection (TR 2500, TE 80). post-MAGNEVIST® injection (TR 500, TE 15.4), 
The T1-weighted pre-MAGNEVIST® In the T2-weighted image, there is some After MAGNEVIST® injection, there 

image shows an isointense area (arrow) hyperintensity (arrow), but lesion is still not is homogeneous enhancement of 

with no clear delineation of the lesion. clearly defined. a 1.5-cm mass lesion adjacent to the right 


cavernous sinus (arrow). Signal and 
enhancement characteristics are consis- 
tent with those of a meningioma. 


5 1990, Berlex Laboratories, Inc. All rights reserved Images Courtesy of Robert Tash. MD, MRI Diagnostics of Rockland. inc 
Suffern, NY. Magnet strength: 2.07 
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MAGNEVIST: INJECTION MAY IMPROVE 


THE DIAGNOSTIC UTILITY OF MRI ALONE 


j 

e Clearly delineates meningiomas and intracranial lesions 
on the basis of either abnormal vascularity or disruption of 
the blood-brain barrier 


“ 


Clinical value of MAGNEVIST: injection enhancement 
Ina blinded reader review of 99 cases with enhancing lesions, 


radiologically 
helpful information 
was provided in 
74% of the cases.’ 


THE MOST FREQUENTLY REPORTED TYPES 
OF RADIOLOGICALLY HELPFUL INFORMATION 
FOLLOWING ENHANCEMENT WITH 
MAGNEVIST® INJECTION (N = 74) 
DEFINED SIZE 


40 AND MARGINS 


IDENTIFIED 
NEW 
LESION 


DETECTED 
DISEASE ACTIVITY 


% OF CASES 





REFERENCES: 4. Runge VM, Carollo BR, Wolf CR, Nelson KL, Gelblum DY. Gd DTPA: a review of clinical indications in 
central nervous reo magnetic resonance imag Soon. 4989:9:929-958. 2. Elster AD, Moody DM, Ball 
MR, Laster DW. Is Gd-DTPA required for routine cranial imaging? Radiology. 1989;173:231-238. 
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BETTER MEDICINE THROUGH BETTER IMAGES 


Please see brief summary of prescribing information for MAGNEVIST® injection on last page of this advertisement. 
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Well tolerated? tn clinical trials, the most common adverse reactions reported were headache (8.7%) 
and injection-site coldness/localized coldness (4.8%). The majority of headaches were transient and of 
mild to moderate severity. In clinical trials, 15% to 30% of patients experienced an asymptomatic transient 
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rise in serum iron; hypotension occurred in less than 1% of the patients. The safety of MAGNEVIST® injection 
in patients with hemolytic disorders has not been studied. 


BRIEF SUMMARY 


INDICATIONS AND USAGE 


MAGNEVIST® Injection is indicated for uswith magnetic resonance imaging (MRI) in adults 
and children (2 years of age and older) to provide contrast enhancement in those intra- 
Cranial lesions with abnormal vascularity or those thought to cause an abnormality in the 
blood-brain barrier. MAGNEVIST® Injection has been shown to facilitate visualization of 
intracranial lesions including but not limited to tumors. 


MAGNEVIST® Injection is also indicated for use with MRI in adults and children (2 years of 
age and older) to provide contrast enhancement and facilitate visualization of lesions in 
the spine and associated tissues. There is, however, only limited clinical experience in 
children for this indication. 


PREGNANCY CATEGORY C. 


Gacopentetate dimegiumine has been shown to retard development slightly in rats when 
aver in doses 2.5 times the human dose, and in rabbits when given in doses of 7.5 and 
2.5 times the human dose. The drug did not exhibit this effect in rabbits when given in 
doses 2.5 times the human dose. No congenital anomalies were noted in either species. 
There are no adequate and well-controlled studies in pregnamt women. MAGNEVIST® 


Injection should be used during pregnancy only if the potential benegft justifies the potential 
risk to the fetus. 


NURSING MOTHERS 


C'4 labelled gadopentetate dimeglumine was administered intravenously to lactating rats 
at a dose of 0.5 mmol/kg. Less than 0.2% of the total dose was transferred to the neonate 
via the milk during the 24-hour evaluation period. It is not Known to what extent MAGNEVIST® 


se AMENGAIONS Injection is excreted in human milk. Because many drugs are excreted in human milk, 
None known. caution should be exercised when the drug is administered to a nursing mother and 
WARNINGS consideration should be given to temporarily discontinuing nursing. 


The accepted safety considerations and procedures that are required for magnetic 
resonance maging are applicable when MAGNEVIST® Injection is used for contrast 
enhancement. In addition, deoxygenated sickle erythrocytes have been shown in in vitro 
studies to align perpendicular to a magnetic field which may result in vaso-occlusive 
complications in vivo. The enhancement of magnetic moment by gadopentetate dimeglu- 
mine may Ap potentiate sickle erythrocyte alignment. MAGNEVIST® Injection in 
patients with sickle cell anemia and other hemoglobinopathies has not been studied. 


Patients with other hemolytic anemias have not been adequately evaluated following 
administration of MAGNEVIST® Injection to exclude the Possibility of increased hemolysis. 
Hypotension may occur in some patients after injection of 
MAGNEVIST® Injection. In clinical trials two cases were reported 
and in addition, there was one case of a vasovagal reaction and 
two cases of pallor with dizziness, sweating and nausea in one 
and substernal pain and flushing in the other. These were reported 
within 25 to 85 minutes after injection except for the vasovagal 
reaction which was described as mild by the patient and occurred 
after 6-1/2 hours. In a study in normal volunteers one subject 
ta bs syncope after arising from a sitting position two hours 
after administration of the drug. Although the relationship of 
gadopentetate alley eae to these events is uncertain, patients 
should be observed for several hours after drug administration. 





nevist 
(gadopentetate 
dimeglumine 46901 mg/mL) 


PEDIATRIC USE 


Safety and efficacy in children under the age of 2 years have not been established. 
(See Indications and Usage and Dosage and Administration sections). 


ADVERSE REACTIONS 


The most commonly noted adverse experience is headache with an incidence of 8.7%. The 
majority of headaches are transient and of mild to moderate ayei In 42.3% of the cases 
it was felt that the headaches were not related to MAGNEVIST® Injection. Injection site 
coldness/localized coldness is the second most common adverse experience at 4.8%. 
Nausea occurs in 3.2% of the patients. 

Localized pain, vomiting, paresthesia, dizziness and localized 
warmth occur in less than 2% of the patients. 

The pipet. Raia adverse events occur in less than 1% 
of the patients: 

Body as a Whole: Injection site es namely, pain, warmth, 
burning; localized burning sensation, substernal chest pain, fever, 
weakness, generalized coldness, localized edema, tiredness, 
chest tightness, regional lymphangitis. 

Cardiovascular: Hypotension, vasodilation, pallor, non-specific 
ECG changes, angina pectoris, phlebitis. 

Digestive: Gastrointestinal distress, stomach pain, teeth pain, 
increased salivation. 






ia 

R PRECAUTIONS - General Nervous System: Agitation, thirst, convulsions (including grand mal). 

F Diagnostic procedures that involve the use of contrast agents should be carried out under Respiratory System: Throat irritation, rhinorrhea, sneezing, dyspnea, wheezing, laryngismus, 

direction of a physician with the prerequisite training and a thorough knowledge of the cough. ; , STESEN 

5 procedure to be performed. Sa naa veod. pontus sry on. E PAES ity, d P 
; ; ; ST pecial senses: linnitus, conjunctivitis, visual field defect, taste abnormality, dry mouth, 

‘a ro ge eer of grand mal seizures, MAGNEVIST® Injection was reported to lacrimation disorder (tearing), eye irritation, 

x Since gadopentetate dimeglumine is cleared from the body by glomerular filtration, caution Laboratory: Transient elevation of serum transaminases. a. 

- one be exercised in patients with severely impaired palit unction. pa ifn er pn events were reported. A causal relationship has neither been 

established nor refuted. 
Animal studies suggest that gadopentetate dimeglumine may alter red cell membrane ; 

| morphology resulting in a slight degree of extravascular (splenic) hemolysis. In clinical fa! sith aia rates pan, poo generalized warmth. 

k trials 15-30% of the patients experienced an asymptomatic transient rise in serum iron. ardiovascutar: Hypertension, tachycardia, migraine, syncope. 

Serum bilirubin levels were slightly elevated in approximately 3.4% of patients. Levels Digestive: Constipation, diarrfea. ome 

generally returned to baseline within 24 to 48 hours. Hematocrit and red blood cell count Nervous System: Anxiety, anorexia, nystagmus, drowsiness, diplopia, stupor. 

y were unaffected and liver enzymes were not elevated in these patients. While the effects Skin: Facial edema, erythema multiforme, epidermal necrolysis. 

y Of gadopentetate dimeglumine on serum iron and bilirubin have not been associated with Special Senses: Eye pain, ear pain. 

ki- clinical manifestations, the effect of the drug in patients with hepatic disease is not known Data from foreign studies did not reveal any additional adverse experiences. 

i and caution is therefore advised. 

Ti When MAGNEVIST® Injection is to be injected using plastic disposable syringes, the contrast OVERDOSAGE 

i medium should be drawn into the syringe and used immediately. The LDso of intravenously administered gadopentetate dime lumine injection in mice is 

# if nondisposable equipment is used, scrupulous care should be taken to prevent residual 512.5 mmol/kg and in rats it is 1015 mmol Y. The LDso of intravenously administered 

| contamination with traces of cleansing agents. MAGNEVIST® Injecflon in dogs is greater than 6 mmol/ kg. 

i Repeat Procedures: If in the clinical judgment of the physician sequential or repeat ex- Clinical consequences of overdose with MAGNEVIST® Injection have not been reported. 

aminations are required, a suitable interval of time between administrations should be DOSAGE AND ADMINISTRATION 

l rved to allow f lear f th from th i Pe oe 

E pote ae , era jal AAR PAS OT INGUN meee The recommended dosage of MAGNEVIST® Injection is 0.2 mL/kg (0.1 mmol/kg), 

i Information for Patients: administered intravenously, at a rate not to exceed 10 mL per minute. More rapid injection 

Š _ Patients receiving MAGNEVIST® Injection should be instructed to: rates may be associated with nausea. The maximum total dose is 20 mL. Any unused 

Ks i 1. Inform your physician if you are pregnant or Isreast feeding. portion must be discarded. 

2.Inform your physician if you have anemia or any diseases that affect red blood cells. DOSAGE CHART 

R 

i LABORATORY TEST FINDINGS mio Body Weight Dose in Approx Duration of 

ir Transitory changes in serum iron and bilirubin levels have been reported in patients with (kg) mL Injection in Seconds 

5 normal and abnormal liver function (See PRECAUTIONS - General). 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY 


No animal studies have been performed to evaluate the carcinogenic potential of 
gadopentetate dimeglumine. 


Gadopentetate dimeglumine did not evoke any evidence of mutagenic potential in the 
Ames test (histidine-dependent Salmonella typhimurium) nor in a reverse mutation assay 
using tryptophan-dependent Escherichia coli. Gadopentetate dimeglumine did not induce 
a positive response in the (C3H 1071/2) mouse embryo fibroblast cellular transformation 
assay, nor did it induce unscheduled DNA repair synthesis in primary cultures of rat 
hepatocytes at concentrations up to 5000 ug/mL. However, the drug did show some 
evidence of mutagenic potential in vivo in the mouse dominant lethal assay at doses of 6 
mmol/kg, but did not show any such potential in the mouse and dog micronucleus tests 
at intravenous doses of 9 mmol/kg and 2.5 mmol/kg, respectively. 


The results of a reproductive study in rats showed that gadopentetate dimeglumine when 
administered in daily doses of 0.1-2.5 mmol/kg, did not cause a significant change in the 
pregnancy rate in comparison to a control group. However, suppression of body weight gain 
and food consumption and a decrease in the mean weights of testis and epididymis 
occurred in male rats at the 2.5 mmol/kg dose. In female rats a decrease in the number 
of corpora lutea at the 0.1 mmol/kg dose and the suppression of body weight gain and 
food consumption at the 2.5 mmol/kg dose were observed. 


In a separate experiment, 16 daily intravenous injections were administered to male rats. 
At a dose of 5 mmol/kg of gadopentetate dimeglumine, spermatogenic cell atrophy was 
observed. This atrophy was not reversed within a 16-day observation period following the 
discontinuation of the drug. This effect was not observed at a dose of 2.5 mmol/kg. 
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To ensure complete injection of the contrast medium, the macon should be followed by 
a 5-mL normal saline flush. The imaging procedure should be completed within 1 hour of 
injection of MAGNEVIST® Injection. 


Parenteral products should be inspected visually for particulate matter and discoloration 
prior to administration, whenever solution and container permit. 


For full prescribing information, see package insert. 
Caution: Federal Law Prohibits Dispensing Without Prescription. 


©1989, Berlex Laboratories, Inc. 
All rights reserved. 
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WORKSHOPS: The workshops are held each day 
from 7:00 a.m. to 1:00 p.m. They emphasize a series 
of structured exercises, utilizing appropriate animal 
bones, skeletal bones, bioplastics, and biometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, 
MAXILLOFACIAL, and OTOLARYNGOLOGICAL 
SURGEONS (Neuro 700)—dissection skills for 
bonework of the head and spine, including attention 
to bioplastics and biometals as applicable. 


OR PERSONNEL (ORP 700}— 
For Operating Room Personnel only— 


dissection skills to become 
familiar with the 
applications of power 
instrumentation; and 
participation in problem 
solving, care and proper 
maintenance of power 
equipment. 












SYMPOSIA/HANDS-ON WORKSHOPS 




























WORKSHOPS: The MIDAS REX Hands-On Workshops will 

be held each day from 7:30 a.m. to 1:30 p.m. The workshop 

will emphasize a series of structured exercises utilizing ap- 

pori c animal bones, skeletal bones, bioplastics, and 
ometals. 


Neuro 700 dissection skills for bonework of the cranium 
and spine, including attention to bioplastics and biometals 
applicable to neurosurgery. 

issection in small bones, large bones, 
spines, joint replacement, revision surgery, 
methylmethacrylate, polyethylene, and biometals, includ- 


ing broken stem extraction. 
CREDIT: C.M.E. Credit Available 









































































Monterey xin 


“Modern Dissection Techniques of Bone, Blometals, Bioceramics, and Bloplastics” 
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COURSE LOCATION AND ACCOMMODATIONS: 
Doubletree Hotel at Fisherman’s Wharf, Two Portola Plaz 


“© 


“Modern Dissection Techniques of Bone, Blometals, Bloceramics, and Bloplastics” 
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MIDAS REX™ Institute 
HANDS-ON WORKSHOPS* 


ORP 700 . 
AUGUST 13-14-15 


ENROLLMENT: Fee (US$): 

Surgeon $965.00; 

Fellow/Resident $585.00 
(with letter from Department Head); 

All Operating Room Personnel $250.00 
(RN/CST/PA/Other) 


Make check to: "New York City Symposium.” 
Mail to: Midas Rex Institute, 

2929 Race Street, 

Fort Worth, TX 76111. 
Phone: 800-433-7639 or 817-831-2604. 


*Enrollment is limited. Please call to reserve 
space before sending check or arranging travel 

ans. All enrollments are made through the 
idas Rex office in Fort Worth. 
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Workshops. 


August 6-7-8, 1990 


for NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, 
and OTOLARYNGOLOGICAL SURGEONS (Neuro 700) 
for ORTHOPAEDIC SURGEONS (Ortho 700) 


presented by MIDAS REX” Institute \ 
Course Directors: Susan Mitchell, Ed.D.; Michael Vail, Ph.D. 


SYMPOSIUM FORMAT 


The 


Monterey, CA 93940. Phone 408-649-4511. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Fellow/Resi- 
dent $585.00 (with letter from Department Head); All Operat- 


ing Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to "Monterey S 
Institute, 2929 Race Street, 


800-433-7639 or 817-831-2604. 


Enrollment is limited. Please call to reserve space before 
check or arranging travel plans. All enrollments are 


sendi 


made through the Midas Rex office in Fort Worth. 


Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 





Join the more than 
8,000 enrollees who 
completed 
Midas Rex Hands-On 


pipea.: Mail to: Midas Rex 
ort Worth, TX 76111. Phone: 
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Natural History of Adult-Onset Idiopathic Torticollis 


Marjan Jahanshahi, MPhil; Marie-Heléne Marion, MD: C. David Marsden, FRS 


@ The rates of spontaneous remission 
and progression of dystonia to other sites 
were studied in 72 patients who first pre- 
sented with adult-onset torticollis, and 
who were followed up for a mean of 7.7 
years. Dystonia had progressed to sites 
other than the neck (mainly the face and 
upper limbs) in 23 patients (32%). The lat- 
ter cases were not differentiated from 
those with isolated torticollis in terms of 
any of the demographic or clinical features 
studied, although they tended to have suf- 
fered from torticollis longer. Fifteen pa- 
tients (20.8%) had experienced a sponta- 
neous remission of their torticollis, which 
was sustained for a median period of 3 
years in 9 cases (12.5%). Eighty-seven 
percent of the 15 remissions had occurred 
during the first 5 years of the illness. In the 
9 cases with sustained remission, the du- 
ration of torticollis before spontaneous 
remission was significantly longer and re- 
mission had mostly occurred after 2 years 


he patient who has been newly di- 

agnosed as suffering from idio- 
pathic spasmodic torticollis will pose a 
number of questions relating to the 
prognosis of his condition: Will it go 
away or get better? Will it affect other 
parts of my body? 

Previous studies'” that have exam- 
ined spontaneous remission a tor- 
ticollis are summarized in Tahle 1. The 
reported rate has varied between 7% 
(1) and 50% (6), with an average of 
16% across the 12 studies. This vari- 
ability makes it difficult for the clini- 
cian to assess the chances of remission 
of the disorder. Such information is 
important, as it affects the clinician’s 
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of illness compared with the 6 who had re- 
lapsed. The 15 cases with spontaneous 
remission tended to have an earlier age of 
onset compared with those with no remis- 
sion. Sixty-five percent of cases were cor- 
rectly classified on the basis of age at on- 
set, which emerged as the only salient 
variable in the discrimination of the 15 pa- 
tients with spontaneous remission from 
the 57 without spontaneous remission. 
Age at onset, form of torticollis, gender, 
and direction of head deviation resulted in 
a correct classification rate of 70%, in the 
discrimination of the 9 cases with sus- 
tained remission from those with no remis- 
sion. However, because of the high classi- 
fication error rates in the above analyses 
(35% and 30%, respectively), these vari- 
ables were not considered to constitute 
reliable prognostic indicators for future 
samples of torticollis sufferers. 
(Arch Neurol. 1990;47:548-552) 


and patient’s decisions about which 
treatments to undertake. 

With regard to predictors of sponta- 
neous remission, age of onset, the form 
of torticollis, the development of a 
geste antagoniste (‘trick’ movemeht to 
normalize head position), and the ini- 
tial symptom at onset have been sug- 
gested to differentiate patients who 
experience spontaneous remission 
from those who do not.*!!"3 However, 
these factors have not proved consis- 
tent prognostic indicators in all 
studies. Also, to date (to our knowl- 
edge), no study has examined the cum- 
mulative ability of such variables to 
discriminate between remitted and 
nonremitted cases. 

A second concern of the torticollis 
sufferer is with the possibility of 
spread of dystonia to other body parts. 
The rates of extranuchal dystonia in 
torticollis samples have varied consid- 
erably across the studies that reported 
this information.!2489121416 At one ex- 
treme, in a sample of 30 cases, 24 of 
whom had first presented as adult- 
onset idiopathic torticollis, Couch" re- 


ported dystonia in sites other than the 
neck in 47%. At the other extreme, 
dystonia had not spread beyond the 
neck in any of the 56 patients with 
childhood- or adult-onset torticollis in 


Gauthier’s™ sample, or in the 150 pa- ‘ 


tients followed up by Rondot et al.’ The 
differing rates of extranuchal dystonia 
in these studies may be due to the in- 
clusion of different proportions of 
childhood- and adult-onset torticollis 
patients, and variations in the dura- 
tion of illness and length of follow-up. 
Also, in some reports the percentage of 
cases with dystonia in other parts of 
the body before the development of 
torticollis was noted, others examined 
the progression of dystonia beyond the 
neck in patients with torticollis as the 
first presenting symptom, and a third 
group included both categories. Little 
information from large series is avail- 
able about the percentage of patients 
who first present with adult-onset tor- 
ticollis who go on to develop dystonia 
elsewhere. 

The following questions were ad- 
dressed in this study: (1) What is the 
rate of spontaneous remission in a 
large sample of cases with onset of 
torticollis in adulthood? (2) Does any 
one or a combination of demographic 
or illness-related characteristics reli- 
ably discriminate patients who have 
experienced a remission from those 
who have not? (3) In what percentage 
of cases of adult-onset torticollis does 
the dystonia progress to affect other 
parts of the body? 


PATIENTS, MATERIALS, AND METHODS 
Patients 


The sample consisted of 72 (35 males, 37 
females) cases of adult-onset idiopathic 
torticollis. All presented initially with iso- 
lated torticollis. They constituted a sub- 
group of a larger sample of 100 patients 
with torticollis. Detailed information about 
the method of recruitement and represen- 
tativeness of the total sample has been 
provided elsewhere.” The mean age of the 
group was 51.2 years (SD, 10.4 years). The 
average age at onset of torticollis was 43.5 
years (SD, 11.3 years; range, 21 to 69 years), 
resulting in a mean duration of illness of 7.7 
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years (SD, 5.9 years; range, 1.1 to 34 years). 
Sixty-nine of the 72 patients had undergone 
extensive pharmacotherapy. Anticholin- 
ergics, benzodiazepines, and dopamine an- 
tagonists were the major classes of medi- 
cation used. 


Materials and Methods e 


All patients completed a torticollis ques- 
tionnaire, which wA&s specifically developed 
for the study. Bedes a demographic infor- 
mation section, it consisted of three main 
sections covering features of onset, course 
of the illness, and the present status of dis- 
ability. The questionnaire included detailed 
questions regarding the spread of dystonia 
to sites other than the neck, the occurrence 
of spontaneous remission, time of its occur- 
rence relative to onset of torticollis, its ex- 
tent (partial or complete), and duration, 
whether sustained to the present or not. 
The self-reported information about the 
extent of dystonia, remission, and family 
history was corroborated by checking the 
hospital notes of all patients. In addition, a 
subgroup of 53 patients (26 males and 27 
females) of the total sample of 100 who lived 
at a reasonable distance from the hospital 
were reexamined by one of us (M.H.M.). 
This follow-up contact involved a detailed 
interview and neurological examination of 
the patients and was performed concur- 
rently with the survey. The mean age of the 
53 patients was 50.3 years (SD, 12.7 years), 
with an average age at onset of 41.3 years 
(SD, 13.7 years), and a mean duration of ill- 
ness of 9 years (SD, 7.7 years). Thus, these 
53 patients were a representative subgroup 
of the 72 patients. 


RESULTS 
Remission 


Remission was considered spontane- 
ous if its onset was clearly unrelated to 
any form of intervention (medication, 
surgery, or other treatment). In cases 
of spontaneous remission sustained up 
to the time of the survey, patients were 
not taking any medication for their 
torticollis. Remission was considered 
partial if the head deviation and/or 
involuntary head movements were ob- 
viously improved but still present to a 
lesser extent. Cases with complete re- 
mission were totally free from tor- 
ticollis, and the previous head devia- 
tion and/or involuntary head move- 
ment were absent. 

Fifteen (20.8%) of the 72 patients 
had experienced spontaneous remis- 
sion (7 partial and 8 complete) of their 
torticollis. Mean duration of torticollis 
prior to spontaneous remission was 4 
years (range, 3 months to 12 years). In 


13 of 15 patients, spontaneous remis-. 


sion had occurred within the first 5 
years after onset. A similar rate of 
spontaneous remission (23% ) was ob- 
tained in the neurological follow-up 
examination. 

In 9 cases, the remission was sus- 
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Duration of Remission, y 


2 4 6 
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Duration of Torticollis Before Remission, y 


Duration of remission plotted against duration of torticollis before remission. Both variables are 
given in years. Solid squares indicate sustained spontaneous remission, open squares, nonsus- 


tained spontaneous remission. 


tained at the time of study. The re- 
maining 6 patients had had remission 
of their torticollis some time before 
participation in the study but had re- 
lapsed. The Figure shows the duration 
of remission plotted against the dura- 
tion of torticollis prior to remission. In 
8 of 9 cases with sustained spontane- 
ous remission, the duration of torticol- 
lis before remission was more than 2 
years (mean, 4.7; SD, 3.69 years), 
whertas the 6 patients who had expe- 
rienced nonsustained spontaneous re- 
mission had all done well within the 
first 2 years of the disorder (mean, 0.9; 
SD, .5). This difference was significant 
(t, 4.48; df, 13; P < .001). The median 
duration of spontaneous remission for 
those who had relapsed was 2.5 months 
(range, 1 month to 11 years) compared 
with a median of 3 years (range, 2 
months to 12 years) for those with 
sustained spontaneous remission. 


Prognostic Factors 


The patients who had experienced a 
remission (n=15) were compared 
with the rest of the sample (n = 57), in 
terms of demographic and illness-re- 
lated variables (Table 2). Differences 
were examined through a series of x’ 
analyses and t tests. The patients with 
sustained or nonsustained spontane- 


ous remission were not significantly 
distinguished from the patients with 
no remission in terms of any single 
variable. 

To determine whether a combina- 
tion of variables could reliably dis- 
criminate between the patients with 
spontaneous remission and those 
without spontaneous remission, two 
separate stepwise discriminant analy- 
ses were performed, the results of 
which are presented in Table 3. The 
variables included were gender, age at 
onset, duration of illness, progression 
of dystonia, direction of torticollis 
(pure tu’n/tilt vs rest), form of head 
deviation (tonic vs clonic), and first 
noticeable symptom at onset (pulling/ 
turning vs rest). The following vari- 
ables were not included in the analyses 
because of the low observed frequen- 
cies of cases with a positive family 
history (n = 8) or a Jewish ethnic back- 
ground (n = 5), or without a geste an- 
tagoniste (n = 7). 

In spite of theoretical arguments to 
the contrary, namely incorrectly as- 
sumed equality of covariance matrices, 
classic linear methods have been 
shown to perform surprisingly well on 
multivariate binary data.'* In general, 
if the true decision surface is linear the 
classic method seems to perform rea- 
sonably well.” Therefore, as the rel- 
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Table 1.—Rates of Remission Among Torticollis Sufferers Reported in the Literature * 





No. (%) Sustained 
Sample With Remission, Nonsustained 
Source Size Remission No. (%) Remission 

Herz and Glaser? 43 6 (14) 3 (7) 3 (7) 
Tibbetts‘ 72 19 (26) NS NS 
Meares® 41 10 (24) 5 (12) 5 (12) 

Gruzman® 30 15 (50) KR 7E 
Matthews et al? 30 8 (26) 2 (6) 6 (20) 
Total 777 122 (16) 27/439 = 6% Dy 





*NS indicates not specified. 





Table 2.—Comparison of the Cases With Spontaneous Remission With the Rest of the 
Sample in Terms of Demographic Characteristics and Clinical Features of Torticollis 










No 
Remission, 
No. (%), 
N = 57 


Spontaneous 
Remission, 
No. (%), N = 15 










Gender 
Male 7 (46.7) 


Female 8 (53.3) 


Age at onset 
Mean 38.7 44.8 
EE ee a ee ee Os a a = 





x? = .03, of = 1; 








28 (49.1) 
29 (50.9) 













t= 1.9; df= 70; P< .06 






SD 
Duration of illness 
Mean 8.5 7.5 
SD 


Direction of head deviation 










t= .88; df = 70; P< .38 














Pure turn/tilt 8 (53.3) 32 (56.1) x? = 2.6; df = 2; P< .27 
Pure retrocollis (6) 7 (12.3) 
Combined turn/tilt 7 (46.7) 18 (31.6) 

and forward or a 







backward flexion 


Form of torticollis 
Clonic 









10 (66.7) 
5 £33.3) 


x? = .05; of = 1; P < .83 





42 (73.7) } 
15 (26.3) 







Progression of dystonia 
Focal 11473.3) 


Segmental 4 (26.7) 
Family history 












38 (66.7) x? = .03; of = 1; 
19 (33.3) 



























Positive 2 (13.3) 6 (10.5) } x? = .09; of = 1; P < .76 
Negative 13 (86.7) 51 (89.5) 

Jewish background * 
Yes 2 (13.3) 3 (5.6) } x? = .22; df= 1; P < .64 
No 13 (86.7) 51 (94.4) 






First noticeable symptom 








Pulling / turning 3 (20) 18 (31.6) x? = 5.9; df = 4; P< .19 
Aching 4 (26.7) 17 (29.8) 

Jerking 3 (20) 6 (10.5) 

Stiffness 5 (33.3) 8 (14) 












None 
Geste antagonistet 
No 1 (6.7) 6 (10.7) 
Yes 14 (93.3) 50 (89.3) 


* information on ethnic background of three cases was missing. 
tinformation on geste antagoniste was missing in one case. 


o 8 (14) 
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evant variables included both linear 
and binary types, classic linear dis- 
criminant analyses were performed 
using the Wilks’ method.?! 

As shown in Table 3, across the two 
discriminant analyses, the percentage 
of cases correctly classified was be- 
tween 65% and 70%. Age at onset was 
the only salient factor in the discrim- 
ination of cases with sustained and 
unsustained remission (N = 15) from 
those without remission (N = 57). 
With regard to the cases of sustained 
remission (N = 9) compared with the 
rest of the sample (N = 57), four vari- 
ables (age of onset, form of torticollis, 
gender, and direction of head devia- 
tion) resulted in 70% of cases being 
correctly classified. 


Progression of Dystonia 


Using Marsden’s” criteria for the 
classification of dystonia by affected 
body part(s), 49 (68.1%) of the 72 
patients had remained with torticollis 
as a focal dystonia, and 23 (31.9% ) had 
developed segmental dystonia. A sim- 
ilar proportion of patients were classi- 
fied as focal (68% ) or segmental (32% ) 
in the neurological follow-up examina- 
tion of 53 of these patients. This sug- 
gests that the information obtained 
from the questionnaires and the case 
notes was reliable. 

The prevalence of blepharospasm, 
oromandibular dystonia, spasmodic * 
dysphonia, writer’ cramp, arm, trunk, 
and leg dystonia in the total sample is 
presented in Table 4. Arm dystonia (12 
cases) and oromandibular dystonia (8 
cases) were the most frequent types of 
dystonia to have developed following 
onset of torticollis. A proportion of the 
23 patients with segmental dystonia 
suffered from torticollis and other dys- 
tonia affecting more than one body 
site. 

The distribution of males/females, 
familial cases, Jewish origin, mean 
age, age at onset, and duration of 
illness in those with isolated torticollis 
compared with those who had devel- 
oped segmental dystonia are presented 
in Table 5. None of these differences 
were significant. Similarly, those with 
isolated torticollis did not differ from 
the group with segmental dystonia in 
terms of any of the clinical features of 
their torticollis; namely, direction (x2, 
3.69; df, 2; P = .16), form of head devi- 
ation (x°, .39; df, 1; P = .53), or first no- 
ticeable symptom at onset (x?, 4.57; df, 
4; P = 33). 


COMMENT 
Remission and Prognosis 


The average rate of spontaneous re- 
mission across the 12 studies summa- 
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Groups to Be Discriminated Step 


All remissions (N = 15) vs 1 
no remission (N = 57) 













Table 3.—Results of Stepwise Discriminant Function Analyses * 


Age at onset (1.0) 


Sustained remissions (N = 9) vs 1 Age at onset (.80) 69.7 
no remission (N = 57) © Form of torticollis (—.67) 
2 Gender (—.50) 
4 Direction of head deviation (.38) 


Cases Correctly 
Classified, % 


65.3 


Discriminating 
Variables 









* Variables included in analysis were gender, age of onset, duration of illness, progression of dystonia, di- 
rection of torticollis (pure turn /tilt vs rest), form of torticollis (tonic vs clonic), and first noticeable symptom (pull- 
ing vs rest). Standardized canonical discriminant coefficients are presented within parentheses. 


Table 5.—Age, Age at Onset, Duration of Illness, Sex Distribution, Prevalence of a 
Positive Family History, and Jewish Ethnic Background in Patients With Isolated 
Torticollis or Torticollis as Part of Segmental Dystonia 


isolated 
Torticollis, 
N = 49 
Sex 
Male 


Female 


24 (49) 
25 (51) 


Age at onset 
Mean 


SD 


Duration of illness 
Mean 


SD 


Family history 
Positive 


Negative 


Jewish background 
Yes 4 (8.7) 


No 42 (91.3) 


6 (12.2) 
43 (87.8) 


rized in Table 5 was 16%, with the re- 
mission being sustained in 6%. The 
rate of spontaneous remission in our 
sample of patients with adult-onset 
idiopathic torticollis (20.8%) and the 
corresponding percentage of cases 
with sustained spontaneous remission 
(12.5%) are both higher than these 


¢- average values. In fact, with the ex- 


ception of the rates of spontaneous re- 
mission reported by Herz and Glaser’ 
and Friedman and Fahn" that are rel- 
atively close to the average estimated 
rate, the results of the other studies in 
Table 5 represent gross overestimation 
or underestimation of the overall rate 
of spontaneous remission. Table 1 re- 
veals that the overall rate of sponta- 
neous remission and the rate of sus- 
tained remission in our sample are 
closest to those of Meares.‘ 

The large differences in the docu- 
mented rates of spontaneous remis- 
sion make it likely that factors other 
than natural variation are at work. 
Besides sample size, the differing rate 
of spontaneous remission documented 
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Torticollis as Part 
of a Segmental Dystonia, 
N = 23 


91 (47.8) | 
12 (52.2) 


= 48: df = 70; P = .63 
t = .41; df = 70; P = .69 
t= 1.43; df = 70; P = .16 


2 (8.7) | x? = .002; df = 1; P = .96 


21 (91.3) 


x? = .03; df = 1; P = .87 


1 (4.3) 
22 (95.7) 





in the 12 studies in Table 1 and this 
study can be attributed to a number of 
methodological issues, as listed below. 

First, differing definitions of spon- 
tane@us remission, whereby the 
breadth/narrowness of the criteria 
will affect the percentage of cases doc- 
umented as remitted. Other than 
Meares’ and Friedman and Fahn’s 
studies,'! the remaining studies in Ta- 
ble 1 did not provide any definition of 
spontaneous remission and it is there- 
fore impossible to determine whether 
the reported cases refer to partial or 
complete remission or both. Also, in a 
number of studies,**'° the reported re- 
mission rates did not refer solely to 
spontaneous remission, but also in- 
cluded cases of treatment-related re- 
mission. 

Second, etiologic differences across 
the samples constitute a further 
source of variance. The samples in two 
studies'''? were clearly identified as 
idiopathic. Whether this is also true of 
the remaining 10 studies is unclear. As 
secondary torticollis may remit fol- 





Table 4.—Number of Patients Who 
Had Developed Dystonia at Other 
Sites After the Onset of 
Their Torticollis 


No. (%) of 
Patients Affected 


2 (2.8) 


Type of Dystonia 


Blepharospasm 
Oromandibular 
dystonia 

Spasmodic dysphonia 
Writer's cramp 

Arm dystonia 

Trunk dystonia 

Leg dystonia 


8 (11.1) 
3 (4.2) 
5 (6.9) 
12 (16.7) 
5 (6.9) 
1 (1.4) 


lowing successful treatment of the pri- 
mary causal factor, the chances of re- 
mission of idiopathic and symptomatic 
torticollis may differ. For example, 
since postencephalitic cases of tor- 
ticollis are more likely to remit,” as are 
many of those with tardive torticollis 
due to neuroleptic drugs, the reported 
rate of spontaneous remission in 
studies that included such cases (eg, 
reference 10) are inflated. 

Third, the other factors that con- 
tribute to the differing rates of spon- 
taneous remission reported across the 
studies are variations in the duration 
of illness and length of follow-up. 
These factors are especially pertinent 
to the variation in the percentage 
of cases with sustained as opposed 
to nonsustained remission across 
studies. 

In contrast to the divergent rates of 
remission in the literature, there has 
been a general confirmation of 
Meares’s’ observation that remissions 
are most likely during the first 5 
years of torticollis in both previous 
studies*!'"? and in this study. Our re- 
sults further suggested that persis- 
tence of spontaneous remission was 
associated with whether it occurred 
before (nonsustained) or after (sus- 
tained) 2 years of illness, and the 
durationof torticollis before remission 
was significantly longer in those with 
sustained spontaneous remission. 
However, despite the longer duration 
of remission in those with sustained 
spontaneous remission, relapse later 
in the course of the disorder remains 
possible, as one of the cases of nonsus- 
tained remission had relapsed after 11 
years, and further follow-up of the pa- 
tients is necessary to confirm or dis- 
confirm this finding. 

Nevertheless, the finding that spon- 
taneous remission is more likely to be 
sustained if it occurs after the first 2 
years of the disorder is supported by 
studies from other authors. In Jayne 
and coworkers’? sample, for the 23% 
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of cases with sustained remission, the 
median duration of torticollis before 
spontaneous remission was also 3 
years. Similarly, the median duration 
of torticollis before spontaneous re- 
mission was 3 years (complete remis- 
sion) or 11.2 years (partial remission) 
in Lowenstein and Ammoft’s” study, 
which was sustained in all but one of 
the remitting cases. In contrast, all 14 
cases with spontaneous remission in 
Friedman and Fahn’s'"' study relapsed, 
in 13 of whom (93% ) spontaneous re- 
mission had occurred in the first year 
after onset of torticollis. 

The highest percentage of cases 
(70% ) were correctly classified in the 
discrimination of the nine patients 
with sustained spontaneous remission 
from those with no remission. A sig- 
nificantly earlier age at onset (t, 2.1; df, 
64; P = .04), being female (six of nine), 
having tonic (five of nine), and “purer” 
directional forms (six of nine cases) of 
torticollis, emerged as the discrimi- 
nating variables. 

Age at onset was the only factor that 
discriminated the 15 patients with 
spontaneous remission from the cases 
with no remission, which confirms the 
findings of Freidman and Fahn!" and 
Lowenstein and Aminoff.” It is of in- 
terest that the association between 
younger age at onset and spontaneous 
remission was replicated in this study 
despite the sample being limited to 
cases of adult-onset torticollis. How- 
ever, similar to Friedman and Fahn," 
no explanation for this finding can be 
offered. It is unlikely that the influence 
of earlier age of onset simply reflects 
longer duration of illness. As the sam- 
ple was selected to be limited to cases 
of adult-onset torticollis, the associa- 
tion between age at onset and duration 
of illness was not strong (r = —.22; 
P= .06), with only 5% of common 
variance. Furthermore, when differ- 
ences between remitted and nonremit- 
ted groups were examined oeach in- 
dividual variable (Table 2), differences 
in age of onset approached significance 
(P = .06), whereas differences in dura- 
tion of illness did not (P = .38). 

Despite the fact that in the two dis- 
criminant analyses, 65% to 70% of the 
cases were correctly classified on the 
basis of one or more variables, these 
variables cannot be considered reliable 
prognostic indicators for future sam- 
ples of sufferers, because of the high 
resubstitution error rates of 35% and 
30%. As noted by Hand’! “it is well- 
known that the resubstitution error 
rate is an optimistic assessment of the 
true error rate.” Hence, the true error 
rate can be expected to be considerably 
higher when the present results are 
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applied to other samples of torticollis 
sufferers. Therefore, it would be pre- 
mature to consider any of these vari- 
ables as reliable prognostic indicators 
or sufficient for identifying those who 
are likely to remit. 


Progression of Dystonia 


For 49 (68% ) of 72 patients the tor- 
ticollis had remained focal; the other 
23 patients (32% ) had later developed 
dystonia in other parts of the body, 
with arm dystonia and oromandibular 
dystonia being the most frequent sec- 
ondary sites of progression. Only 1 of 
the 72 patients presenting with adult- 
onset torticollis had developed leg dys- 
tonia. These figures are in general 
agreement with previous reports that 
found progression of dystonia in adult- 
onset cases to mainly involve contigu- 
ous areas, and rarely the legs.”**5 The 
figures for progression of dystonia to 
different sites are not, however, di- 
rectly comparable with those of previ- 
ous studies,'***":'416 as this sample was 
limited to cases of adult onset for 
whom torticollis had been the initial 
presenting symptom. 

The sexes did not differ in terms of 
the progression of the dystonia, and 
none of the other demographic or clin- 
ical characteristics of torticollis dis- 
tinguished those with isolated torticol- 
lis from the patients who had devel- 
oped other dystonias. However, those 
in whom the dystonia had progressed 
into a segmental form had developed 
torticollis at an earlier age, and had 
suffered from it for longer, compared 
with the patients whose torticollis re- 
mained focal, although not signifi- 
cantly so. 

Our results can only go so far in 
providing some answers to the ques- 
tions posed by the newly diagnosed, 
adult-onset, idiopathic torticollis suf- 
ferer. 

(1) Among torticollis sufferers, 8.3% 
experienced brief spontaneous relief, 
and in another 12.5% spontaneous re- 
mission was sustained for longer peri- 
ods. The overall chances of a sponta- 
neous remission in the course of tor- 
ticollis was about one in five. 

(2) At present we cannot reliably 
predict who is going to have a sponta- 
neous remission. However, those with 
an earlier age at onset appear more 
likely to experience a spontaneous re- 
mission, which is more likely to be 
sustained for considerable periods if it 
starts after 2 years of illness. 

(3) In about a third of adult-onset 
torticollis sufferers, the dystonia had 
progressed to other sites, but in the 
majority it remained confined to the 
neck. 
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efficacy of Tegretol as an anticonvulsant was derived from active drug-controlied studies 
that enrolled patients with the following seizure types 
1. Partial seizures with complex symptomatology (psychomotor temporal lobe) Patients 
with these seizures appear to show greater improvement than those with other types 
2 Generalized tonic-clonic seizures (grand mal) 
3 Mixed seizure patterns which include the above. or other partial or generalized 
seizures 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see PRECAU- 
TIONS, General) 
Trigeminal Neuralgia: Tegreto! is indicated in the treatment of the pain associated with 
true trigeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal neuralgia 

This drug ıs not a simple analgesic and should not be used for the relief of trivial aches or 
pains 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow depression 
hypersensitivity to the drug. or known sensitivity to any of the tricyclic compounds, such 
as amitriptyline, desipramine. imipramine. protriptyline. nortriptyline, etc Likewise on 
theoretical grounds its use with monoamine oxidase inhibitors is not recommended 
Betore administration of Tegretol, MAO inhibitors should be discontinued for a minimum 
of fourteen days. or longer if the clinical situation permits 
WARNINGS ® 
Patients with a history of adverse hematologic reaction to any drug may be particularly at 
risk 
Severe dermatologic reactions including toxic epidermal necrosi {Lyells syndrome) 
and Stevens-Johnson syndrome, have been reported with Tegretol. These reactions have 
been extremely rare However. a tew fatalities have been reported 

Tegretol has shown mild anticholinergic activity: theretore. patients with increased 
mtraocular pressure should be closely observed during therapy 

Because of the relationship of the drug to other tricyclic compounds, the possibility of 
activation of a latent psychosis and. in elderty patients, of contusion or agitation should be 
borne in mind 
PRECAUTIONS 
General: Before initiating therapy, a detailed history and physical examination should be 
made 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures. since in these patients Tegretol has been associated 
with increased frequency of generalized convulsions (see INDICATIONS AND USAGE) 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients with 
a “ustory of cardiac, hepatic or renal damage, adverse hematologic reaction to other 
drugs, or interrupted courses of therapy with Tegretol 
Intormation for Patients: Patients should be made aware of the early toxic signs and 
symptoms of a potential hematologic problem, such as fever. sore throat, ulcers in the 
mouth, easy bruising, petechial or purpuric hemorrhage. and should be advised to report 
to the physician immediately if any such signs or symptoms appear 

Since dizziness and drowsiness may occur, patients should be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentially dangerous 
tasks 
Laboratory Tests: Complete pretreatment blood counts. including platelets and possibly 
reticulocytes and serum iron. should be obtained as a baseline Ita patient in the course of 
treatment exhibits low or decreased white blood cell or platelet counts, the patient should 
be monitored closely Discontinuation of the drug should be considered if any evidence of 
significant bone marrow depression develops 

Baseline and periodic evaluations of liver function, particularly in patients with a history 
of liver disease. must be performed during treatment with this drug since liver damage 
may occur The drug should be discontinued immediately in cases of aggravated liver 
dysfunction or active liver disease 

Baseline and periodic eye examinations, including slit-lamp. tunduscopy and tonome- 
iry, ere recommended since many phenothiazines and related drugs have been shown to 
cause eye changes 

Baseline and periodic complete urinalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dystunction 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the efficacy 





and safety of anticonvulsants. This monitoring may be particularly useful in cases of 
dramatic increase in seizure frequency and for verification of compliance in addition 
measurement of drug serum levels may aid in determining the cause of toxicity when more 
than one medication is being used 

Thyroid function tests have been reported to show decreased values with Tegretol 
administered alone 

Hyponatremia has been reported in association with Tegretol use. either alone or in 
combination with other drugs 
Drug Interactions: The simultaneous administration ct phenobarbital. phenytoin. or 
primidone. or a combination of two, produces a marked lowering of serum levels of 
Tegretol! The ettect of valproic acid on Tegretol blood levels is not clearly established 

The half-lives of phenytoin, warfarin. doxycycline, and theophylline were significantly 
shortened when administered concurrently with Tegreto! Haloperidol and valproic acid 
serum levels may be reduced when these drugs are administered with Tegretol. The doses 
of these drugs may therefore have to be increased when Tegretol is added to the 
therapeutic regimen 

Concomitant administration of Tegretol with erythromycin. cimetidine propoxyphene 
isoniazid or calcium channel Diockers has been reported to result in elevated plasma levels 
of carbamazepine resulting in toxicity in some cases Also concomitant administration ot 
carbamazepine and lithium may increase the risk of neurotoxic side effects 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiving concomitant oral 
contraceptives and their reliability may be adversely affected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carbamazepine when admin- 
istered to Sprague-Dawley rats for two years in the diet at doses of 25 75. and 250 
mg/kg/day. resulted in a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of males 

Carbamazepine must. theretore be considered to be carcinogenic in Sprague-Dawley 
rats. Bacterial and mammalian mutagenicity studies using carbamazepine produced 
negative results The significance of these findings retatrve to the use of carbamazepine in 
humans is. at present. unknown 
Pregnancy Category C: Tegretol has been shown to have adverse effects in reproduction 
Studies in rats when given orally in dosages 10-25 times the maximum human daily dosage 
of 1200 mg In rat teratology studies. 2 of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomalies (clett palate. 1 talipes, 1, 
anophthaimos. 2) In reproduction studies in rats. nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women Tegretol should 
be used during pregnancy only if the potential benefit justites the potential risk to the 
fetus 

Retrospective case rewews suggest that. compared with monotherapy, there may be a 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
combination therapy Theretore monotherapy is recommended tor pregnant women 

It is important to note that anticonvulsant drugs should not be discontinued in patients 
in whom the drug is administered to prevent major seizures because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life In 
individual cases where the severity and frequency of the seizure disorder are such that 
removal of medication does not pose a senous threat to the patient. discontinuation of the 
drug may be considered prior to and during pregnancy. although it cannot be said with any 
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confidence that even minor seizures do not pose some hazard to the developing embryo or 
fetus 
Labor and Delivery: The ettect of Tegretol on human labor and delivery is unknown 
Nursing Mothers: During lactation. concentration of Tegretol in milk s approximately 60% 
of the maternal plasma concentration 

Because of the potential for serious adverse reactions in Nursing mtants from carbamaz- 
epine. a decision should be made whether to discontinue nursing ør to discontinue the 
drug. taking into account the importance of the drug to the mother 
Pediatric Use: Satety and ettectiveness in children below the age of 6 years have not been 
established 
ADVERSE REACTIONS 
lf adverse reactions are of such severity that the drug must be discontinued. the physician 
Must be aware that abrupt discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epilepticus with its life-threatening 
Nazards 

The most severe adverse reactions have been observed in the hemopoietic system (see 
boxed WARNING), the skin and the cardiovascular system 

The most frequently observed adverse reactions. Particularly during the initial phases of 
therapy, are dizziness. drowsiness. unsteadiness, nausea. and vomiting. To minimize the 
possibility of such reactions. therapy should be initiated at the low dosage recommended 

The following additional adverse reactions have been reported 
Hemoporetic System. Aplastic anemia. agranulocytosis. pancytopenia. bone marrow 
depression. thrombocytopenia, leukopenia, leukocytosis, eosinopnilia 
Skin Pruntic and erythematous rashes. urticaria. toxic epiderma! necrolysis (Lyells 
syndrome) (see WARNINGS), Stevens-Johnson syndrome (see WARNINGS), photosensi- 
tivity reactions. alterations in skin pigmentation. exfoliative dermativs erythema multi- 
forme and nodosum. purpura. aggravation of disseminated lupus erythematosus. 
alopecia, and diaphoresis In certain cases, discontinuation of therapy may be necessary 
Cardiovascular System Congestive heart tailure, edema. aggravation ot hypertension, 
hypotension, syncope and collapse aggravation of coronary artery disease. arrhythmias 
and AV block, primary tnrombophiebitis. recurrence of thrombophlebitis. and adenopathy 
or lymphadenopathy 

Some of these cardiovascular complications have resulted in fatahties Myocardial 
infarction has been associated with other tricyclic compounds 
Liver Abnormalities in liver function tests cholestatic and hepatocellular jaundice, 
hepatitis 
Respiratory System Pulmonary hypersensitivity characterized by tever. dyspnea, pneu- 
monitis or pneumonia 
Genitourinary System Urinary trequency, acute urinary retention. oligunia with elevated 
blood pressure, azotemia, renal failure. and impotence Albuminuria. glycosuria. elevated 
BUN and microscopic deposits in the urine have also been reported 

Testicular atrophy occurred in rats receiving Tegretol orally trom 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day Additionally, rats receiving Tegretol in the diet tor two years 
at dosage levels of 25. 75. and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis In dogs. it produced a brownish discoloration. presum- 
ably 4 metabolite. in the urinary bladder at dosage levels of 50 mg/kg and higher 
Relevance of these findings to humans is unknown 
Nervous System: Dizziness. drowsiness. disturbances of coordination. contusion, head- 
ache. fatigue. blurred vision. visual hallucinations, transient diplopia. ocu’omotor distur- 
dances. nystagmus, speech disturbances. abnormal involuntary movements. peripheral 
neuritis and paresthesias, depression with agitation. talkativeness. tinnitus. and hyper- 
acusis 

There have been reports of associated paralysis and other symptoms of cerebral arterial 
insufficiency, but the exact relationship of these reactions to the drug has not been 
established 
Digestive System. Nausea. vomiting gastric distress and abdominal pain. diarrhea 
Constipation, anorexia, and dryness of the mouth and pharynx including glossitis and 
Stomatitis 
Eves Scattered, punctate. cortical lens opacities. as well as conunctivilis nave been 
reported Although a direct causal relationship has not been established. many phenothia- 
unes and related drugs have been shown to cause eye changes 
Musculoskeletal System Aching joints and muscles, and leg cramps 
Metabolism Fever and chills Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reported Cases of frank water intoxication. with decreased serum sodium 
(hyponatremia) and contusion. have been reported in association with Tegretol use (see 
PRECAUTIONS. Laboratory Tests) 
Other Isolated cases of a lupus erythematosus-like syndrome have been reported There 
have been occasional reports of elevated levels of cholesterol. HDL cholesterol and 
triglycerides in patients taking anticonvulsants 
DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol. nor is there evidence of 
psychological or physical dependence in humans 





OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose: adults. >60 g (39-year-old man) Highest known doses 
survived: adults, 30 g (31-year-old woman). children. 10 g (6-year-old boy). small 
children, 5 g (3-year-old girl) 

Oral LDSq in animals (mg/kg). mice. 1100-3750: rats, 3850-4025: rabbits, 1500-2680 
guinea pigs 920 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours Neuromuscular disturbances are the 
most prominent Cardiovascular disorders are generally milder. and severe cardiac com- 
plications occur only when very high doses (>60 g) have been ingested 
Respiration irregular breathing, respiratory depression 
Cardiovascular System Tachycardia. hypotension or hypertension, shock. conduction 
disorders 
Nervous System and Muscles. Impairment of consciousness ranging in severity to deep 
coma Convulsions. especially in small children Motor restlessness muscular twitching 
tremor, athetoid movements. opisthotonos, ataxia. drowsiness dizziness. mydriasis 
nystagmus. adia@chokinesia. ballism. psychomotor disturbances dysmetria Initial 
hyperreflexia. followed by hyporetlexia 
Gastrointestinal Tract. Nausea, vomiting 
Kidneys and Bladder Anuria or oliguria. urinary retention 
Laboratory Findings Isolated instances of overdosage have included leukocytosis. re- 
duced leukocyte count. glycosuria and acetonuria ¥ may show dysrhythmias 
Combined Poisoning When alcohol, tricyclic antidepreggants. barbiturates or hydantoins 
are taken at the same time. the signs and symptoms of acute Poisoning with Tegretol may 
be aggravated or moditied 
Treatment 
The prognosis in cases of severe Poisoning is critically dependent upon prompt elimination 
of the drug, which may be achieved by inducing vomiting irrigating the stomach, and by 
taking appropriate steps to diminish absorption If these measures cannot be implemented 
without risk on the spot, the patient should be transferred at once to a hospital, while 
ensuring that vital functions are safeguarded There is no specific antidote 
Eliminaton of the Drug: Induction of vomiting 

Gastric lavage Even when more than 4 hours have elapsed following ingestion of the 
drug. the stomach should be repeatedly irrigated, especially if the patient has also 
consumed alcohol 
Measures to Reduce Absorption Activated charcoal, laxatives 
Measures to Accelerate Elimination Forced diuresis 

Dialysis is indicated only in severe poisoning associated with renal failure Replacement 
transfusion is indicated in Severe poisoning in small children 
Respiratory Depression Keep the airways tree. resort, if necessary, to endotracheal 
intubation, artiticial respiration. and administration ot oxygen 
Hypotension, Shock Keep the patient's legs raised and administer a plasma expander If 
blood pressure fails to nse despite measures taken to increase plasma volume. use of 
vasoactive substances should be considered 
Convulsions. Diazepam or barbiturates 
Warning Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), nypotension, and coma However, barbiturates should not be used if drugs that 
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recent therapy (within one week) 
Surveillance. Respiration. cardiac function (ECG monitoring), blood pressure. body tem- 
perature. pupillary reflexes. and kidney and bladder function should be monitored tor 
several days 
Treatment of Biood Count Abnormalities If evidence ot signiticant bone marrow depres- 
Sion develops, the following recommendations are suggested (1) stop the drug. (2) per- 
form daily CBC. platelet and reticulocyte counts. (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery 
Special periodic studies might be helpful as follows (1) white cell and platelet anti- 
bodies, (2) 59Fe—ferrokinetic studies. (3) peripheral blood cell typing. (4) cytogenetic 
Studies on marrow and peripheral blood. (5) bone marrow culture studies for colony- 
forming units. (6) hemoglobin electrophoresis for Ao and F hemoglobin. and (7) serum 
folic acid and B12 levels 
A fully developed aplastic anemia will require appropriate. intensive monitoring and 

therapy, tor which specialized consultation should be sought 
DOSAGE AND ADMINISTRATION 
Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS. Laboratory Tests) Dosage should be adjusted to the needs of the individ- 
ual patient A low initial daily dosage with a gradual increase is advised As soon as 
adequate control is achieved. the dosage may be reduced very gradually to the minimum 
effective level Tablets should be taken with meals 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—Initial 200 mg b\.d Increase at weekly 
intervals by adding up to 200 mg per day using atid org.id regimen until the best 
response is obtained Dosage should generally not exceed 1000 mg daily in children 12 to 
15 years of age. and 1200 mg daily in patients above 15 years of age Doses up to 1600 mg 
daily have been used in adults in rare instances Maintenance: Adjust dosage to the 
minimum effective level. usually 800-1200 mg daily 
Children 6-12 years of age—Initial: 100 mg b \ d Increase at weekly intervals by adding 
100 mg per day usinga tı d ofqid regimen until the best response is obtained Dosage 
should generally not exceed 1000 mg Maintenance: Adjust dosage to the minimum 
effective level, usually 400-800 mg daily 

‘ombination Therapy: Tegretol may be used alone or with other anticonvulsants When 

dded to existing anticonvulsant therapy. the drug should be added gradually while the 
other anticonvulsants are maintained or gradually decreased. except phenytoin. which 
may Nave to be ncreased (see PRECAUTIONS. Drug Interactions and Pregnancy Category 
C) 
Trigeminal Neuralgia (see INDICATIONS AND USAGE) 
Initial: 100 mg d.i d on the tirst day tor a total daily dose of 200 mg This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg every 12 hours only as 
needed to achieve freedom trom pain Do not exceed 1200 mg daily 
Maintenance: Control of pain can be maintained in most patients with 400 mg to 800 mg 
daily However, some patients may be maintained on as little as 200 mg daily while others 
May require as much as 1200 mg daily At least once every 3 months throughout the 
treatment period, attempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug 
HOW SUPPLIED 
Chewable Tablets 100 mg—round red-speckled, pink. single-scored (imprinted Tegretol 
on one side and 52 twice on the scored side) 


Botties of 100 NOC 0028-0052-01 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NDC 0028-0052-61 


Tablets 200 mg—capsule-shaped pink single-scored (imprinted Tegretol on one side 
and 27 twice on the scored side) 

Bottles of 100 

Bottles of 1000 
Gy-Pak*—One Unit 

12 bottiles—100 tablets each 
Unit Dose (blister pack) 

Box ot 100 

(stnps of 10) NDC 0028-0027-61 
Samples. when available. are identitied by the word SAMPLE appearing on each tablet 
Protect trom moisture 
Dispense in tight container (USP) 
Also available as. Tegretol suspension 100 mg/5 mi, in 450 mi bottles 


NOC 0028-0027-01 
NOC 0028-0027-10 


NDC 0028-0027-65 
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Frontal Lobe Function in 
Progressive Supranuclear Palsy 


Jordan Grafman, PhD; Irene Litvan, MD; Claudia Gomez, MA; Thomas N. Chase, MD 


èe Performance on tasks evaluating ‘“‘ex- 
ecutive and attentional’ processes pre- 
sumably subserved by prefrontal cortex 
were compared in patients with progres- 
sive supranuclear palsy and with age- and 
education-matched control subjects. The 
results indicated that patients with pro- 
gressive supranuclear palsy were particu- 
larly impaired when a task required se- 
quential movements, conceptual shifting, 
monitoring the frequency with which stim- 
uli are presented, or rapid retrieval of ver- 
bal knowledge. These deficits could not 
simply be accounted for by slowed infor- 
mation processing or by a deficit in repre- 
sentational knowledge. Conceivably, 
“weak activation” of frontal lobe repre- 
sentational knowledge characterized by 
an observed attentional deficit results in 
the neuropsychological impairments 
noted in patients with progressive supra- 
nuclear palsy. The oral administration of 
physostigmine, under double-blind place- 
bo-controlled conditions, did not facilitate 
executive or attentional performance as 
evaluated by our tasks. 

(Arch Neurol. 1990;47:553-558) 
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Qubcortical dementia is often in- 
cluded in the clinical description of 
patients suffering from progressive su- 
pranuclear palsy (PSP).' This demen- 
tia has been characterized by forget- 
fulness, slowing of information pro- 
cessing, mood changes, and difficulty in 
manipulating learned knowledge.” 
The difficulty in manipulating learned 
knowledge may be attributable to 
frontal lobe dysfunction,** while an 
associated deficit in orienting visual 
attention in the vertical plane appears 
independent of any impairment in ef- 
fortful manipulation of learned knowl- 
edge and may relate to the midbrain 
lesions found in this disorder.® On the 
basis of poor performance by patients 
with PSP on tasks requiring effortful 
manipulation of learned knowledge, 
flexiBle thinking, and attention,’ spec- 
ulation has centered on the possible 
role that basal ganglia and basal fore- 
brain lesions have on frontal lobe func- 
tioning. Conceivably, degeneration of 
afferent fibers projecting from basal 
ganglia and basal forebrain structures 
to the frontal lobe may isolate prefron- 
tal cortex from subcortical structures 
(and/or cause some minor transneural 
degeneration in prefrontal cortex re- 
sulting in partially dysfunctional cor- 
tical tissue). Recent positron emission 
tomographic scan studies of patients 
with PSP% have described decreased 
metabolism and regional blood flow in 
the area of the prefrontal cortex. 
The findings to date suggest that 
patients with PSP may be impaired on 
tasks used to assess “executive and at- 
tentional” processes presumably sub- 
served by prefrontal cortex. To test 
this hypothesis, we examined patients 


with PSP and matched control sub- 
jects on tests of executive and atten- 
tional processes. Next, we compared 
the performance of patients with PSP 
during baseline, placebo, and drug con- 
ditions on these same tests to deter- 
mine whether the administration of a 
cholinesterase inhibitor facilitated 
PSP cognitive performance. 


PATIENTS AND METHODS 


Twelve patients with PSP were strati- 
fied, matched with 12 normal control sub- 
jects (Table 1). The diagnosis of PSP was 
based on the presence of all the following 
features: (1) age of onset, 50 years or older; 
(2) parkinsonian signs including brady- 
kinesia, postural or gait disorder, axial 
rigidity, and no resting tremor; (3) pseudo- 
bulbar signs including dysarthria and dys- 
phagia; (4) extraocular movement abnor- 
malities characterized by supranuclear ver- 
tical (with or without horizontal) palsy; (5) 
progressive course; and (6) no roentgeno- 
graphic abnormalities other than subcorti- 
cal and/8r midbrain atrophy. All patients 
with PSB had magnetic resonance imaging 
scans except one who received a computed 
tomographic scan (the magnetic resonance 
imaging was contraindicated in his case 
because he had a pacemaker). Most, but not 
all, magnetic resonance imagings described 
mild subcortical and/or midbrain atrophy 
and third ventricle enlargement. All pa- 
tients with PSP also underwent electro-oc- 
ulographic studies that demonstrated ver- 
tical gaze palsy with preservation of oculo- 
cephalic reflexes. Except for one patient 
who continued to receive a constant dose of 
levodopa-carbidopa (Sinemet, 600 mg/d), 
none of the patients took other centrally 
active drugs during the course of this clin- 
ical trial. There were no significant age or 
education differences between groups. To 
participate in this study, patients with PSP 
were required to show evidence that they 
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Table 1.—Subject Table * 







Control 
PSP Subjects 
Characteristics (SD) (SD) 



















Age 63.4 (5.9) 63.8 (5.5) 
Years of 15.1 (3.6) 16.3 (2.9) 
education a 
Age at onset 60.3 (5.6) 
of disease 
Duration of 35.0 (11.9) 
disease 
Hoehn-Yahr 3.2 (.39) 
Scale score 






* Patients with progressive supranuclear palsy 
(PSP) (n = 12) and control subjects (n = 12) were 
as closely matched as possible for age and years of 
education. Patients with PSP were mild to moderately 
affected by their disease. The subjects’ age is given 
in years and illness duration in months. 


could read, write, understand instructions, 
comprehend written and spoken language, 
and express themselves clearly. 

Cholinergic nuclei, including the pedun- 
culopontine tegmental nucleus, are affected 
along with dopamine-producing neurons in 
PSP." It has been suggested that some of 
the cognitive symptoms described in PSP 
may be due to cholinergic rather than 
dopaminergic deficiencies.':'* On this basis, 
an experimental trial of physostigmine (an 
acetylcholinesterase inhibitor) was offered 
to patients with PSP in the hopes of ame- 
liorating some of their cognitive deficits." 
Following their baseline evaluation, pa- 
tients first received 4 days of open-label 
dose finding. Physostigmine was adminis- 
tered orally every 2 hours, six times daily at 
doses that increased from 0.5 mg per dose (3 
mg/d) on the first day to 2 mg per dose (12 
mg/d) on the fourth day. Verbal memory 
was evaluated by alternate versions of the 
Selective Reminding Test’ administered 
twice daily, 30 minutes after taking the first 
and last daily doses of physostigmine. Mean 
performance on both tests at each dose was 
used to determine the best dose for each in- 
dividual. For the second part of this study, 
patients were randomized to a 10-day cross- 
over, placebo-controlled double-blind trial 
of physostigmine, at their previously deter- 
mined best dose (1.25 + 0.2 mg per dose; 
range, 0.5 to 2.0 mg) orally adneinistered 
every 2 hours, six times per day. There was 
a 3-day washout period between baseline 
and initiation of the crossover trial; while 
on the crossover trial, there was no washout 
period between phases. Patients received 
neuropsychological testing only after the 
third day of initiation of each phase (phy- 
sostigmine or placebo). 

The following neuropsychological tests 
were performed once during the third and 
fourth days of each study phase (baseline, 
placebo, and drug), starting 30 minutes af- 
ter the second daily dose of drug or placebo 
and lasting 1 to 2 hours. 


Tests 


Wechsler Adult Intelligence Scale—Revised 
(WAIS-R).'°—This test, WAIS-R, was ad- 
ministered to provide general indexes of 
intellectual performance. The full-scale, 
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verbal, and performance IQ scores are pre- 
sented. In addition, the age-corrected scale 
score for the similarities subtest is reported 
as a measure of verbal reasoning and the 
age-corrected scale score for the picture ar- 
rangement subtest is described as a mea- 
sure of pictorial reasoning. 

Wechsler Memory Scale.” — Wechsler 
Memory Scale was used to obtain a general 
level of memory functioning. This test is 
composed of several subtests whose scores 
can be combined to produce a single mem- 
ory quotient that can be directly compared 
with the WAIS-R IQ scores. In this article, 
we present the memory quotient only. A 
companion article discusses the memory 
performance of patients with PSP in much 
more detail.'*® 

Mattis Dementia Rating Scale (MDRS).!°— 
The MDRS was used to estimate the sever- 
ity of the PSP patient’s cognitive decline. In 
addition, two subscales (conceptual think- 
ing and initiation and perseveration), 
which are often found diminished in pa- 
tients with frontal lobe dysfunction is de- 
scribed. 

Motor Ability.— Manual dexterity was as- 
sessed by a set of 10 tests described by 
Luria” as sensitive to frontal lobe lesions. 
Many of these tests require sequential mo- 
tor movements. A single score was used to 
estimate the number of tests “passed” by a 
subject. We also administered the Purdue 
Pegboard Test” to estimate motor dexter- 
ity. A third measure of motor ability tested 
was speed of speech. This was measured by 
having a subject repeat the word “hospital” 
as fast and accurately as possible in a 
10-second period. The total number of times 
hospital was pronounced accurately was 
recorded. A fourth measure used was the 
Mazes subtest from the Wechsler Intelli- 
gence Scale for Children” that estimates 
route finding. The scale score from this 
subtest was used. Finally, we used the 
Northwestern Gait Scale” and the modified 
Columbia Scale* to provide clinical indexes 
of motor ability. 

Conceptual Flexibility.—The Trail Making 
Test” was administered to estimate the 
subjects’ ability to follow within and across 
set categorical sequences. The Wisconsin 
Card Sorting Test (WCST)* was adminis- 
tered to evaluate the ability of patients to 
form and to shift concepts based on reason- 
ing and responsiveness to the examiner’s 
feedback. 

Fluency.— Verbal fluency was assessed by 
means of the FAS,” animal (subjects were 
required to produce as many animal names 
as they could in 1 minute), and supermarket 
(subjects had to produce names of items 
that could be found in a typical supermar- 
ket in 1 minute) fluency tasks. Visuospatial 
fluency was evaluated by the drawing flu- 
ency task” in which subjects were required 
to draw as many different geometric de- 
signs as possible in 1 minute. 

Attention.— We used the “A-Test” to esti- 
mate simple vigilance.” Subjects were re- 
quired to identify the letter A when they 
heard it among a long series of letters. The 
number of errors was recorded. The Paced 
Auditory Serial Addition Test (PASAT) 
was used to estimate attention and infor- 


mation-processing capacity.” We also ad- 
ministered the Stroop color word test?! to 
obtain an estimate of automatic processing. 

Time Estimation.—Subjects were required 
to estimate the correct time during the 
testing session and the duration of the en- 
tire testing session. A tapping task was also 
used to assess the subject’s estimation of 
time duration. The subjects heard 60, 30, 15, 
or 6 taps for 1 minute. They were then asked 
to estimate the number 8 taps they heard 
as well as the time that elapsed. 

Beck and Hamilton Depression Scales 
were used to estimate mood state. 

The tests were administered over several 
sessions in a set order for all subjects. No 
single testing session exceeded 2 hours. Pa- 
tients with PSP performance did not reveal 
specific effects of fatigue for the last few 
tests administered within a session. In- 
formed consent was obtained from all sub- 
jects after the procedures were explained. 
Other neurobehavioral data collected dur- 
ing the physostigmine trial will be pre- 
sented in separate articles. 


Analysis Methods 


The first set of comparisons presented 
below represent the baseline evaluation. 
Statistical procedures used include ¢ tests 
(signified by a simple P value), repeated 
measures analysis of variance, and correla- 
tions. The small number of subjects in each 
group and the large number of comparisons 
made precluded the appropriate use of mul- 
tivariate statistics. We ran correlational 
analyses to determine the relationship be- 
tween symptom duration, current mood 


state, and overall degree of dementia and * 


performance on tests of executive and at- 
tentional processes; the findings are pre- 
sented only when the Spearman’s rank or- 
der correlations reached .50. Due to multi- 
ple comparisons, we used a Bonferroni 
correction procedure that set the P value 
significance level at .001. The Bonferroni 
correction was obtained by dividing the al- 
pha level by the total number of compari- 
sons, ie, .50/40 = .001. The numerator is the 
overall alpha adapted by us. This is divided 
by the number of comparisons actually 
made. This adjusted significance level 
(P < .001) is used to judge the significance 
of all comparisons made. 


The second set of comparisons presented  *™ 


represent the effects of placebo and drug 
treatment conditions on PSP patient test 
performance compared with baseline (8 of 
12 patients participated in the drug study). 
Only the PSP patient performance is con- 
sidered, since the control subjects did not 
receive physostigmine. Statistical proce- 
dures were similar to those described 
above. 


RESULTS 
General Cognitive Functioning and Mood 
State (Table 2) 


Patients with PSP had significantly 
diminished WAIS-R IQ scores when 
compared with control subjects. Their 
performance scale score was particu- 
larly low. The MDRS total score of the 
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patients with PSP places them in the 
mildly impaired range. Finally, the 
Wechsler Memory Scale Memory Quo- 
tient of the patients with PSP is sig- 
nificantly diminished when compared 
with that of the control subjects but is 
consistent with their WAIS-Reverbal 
IQ score. Patients with PSP, as a 
group, were marginally depressed 
based on their Hamilton and Beck De- 
pression Scale scores. However, many 
of the endorsed items on these depres- 
sion scales reflected somatic com- 
plaints or changes in cognitive func- 
tioning and did not indicate increased 
sadness or other depressive symptoms. 


Motor Processes (Table 3) 


Patients with PSP were signifi- 
cantly impaired on the Luria tasks. 
They were particularly impaired on 
the Luria tasks requiring an extended 


sequence of coordinated motor move- ` 


ments. On the Purdue Pegboard Test, 
patients with PSP demonstrated bilat- 
erally slowed (more pronounced for 
the dominant hand) coordination. 
Speed of speech was mildly slowed. 
The Mazes subtest scale score achieved 
by the patients with PSP fell within 
the normal range (ie, the oldest age 
range provided on this children’s test) 
but was impaired relative to the con- 
trol subjects. The Northwestern Gait 
Scale score of the patients with PSP 
indicated moderate severity of motor 
impairment. Although PSP patient 
performance was diminished across 


motor tasks, it appeared that the mo-e 


tor impairment of patients with PSP 
was most pronounced on those tasks 
requiring sequential coordinated 
movements (eg, Luria tests) rather 
than simple motor tasks (eg, speed of 
speech). We also performed an explor- 
atory correlation analysis between the 
Columbia Scale score of patients with 
PSP and their scores on the cognitive 
tasks. Except for the WAIS-R perfor- 
mance IQ score (7 = .47), which de- 
pends on speeded performance and the 
number of categories achieved on the 
WCST (r = .72), all other correlations 
were less than .35 suggesting a limited 
influence of motor impairment on the 
cognitive performance of patients with 
PSP. 


Concept Formation and Reasoning 
Processes (Table 4) 


The performance of patients with 
PSP on the Trail Making Test demon- 
strated the pronounced difficulty they 
have when a simple visuomotor task 
becomes complicated by an additional 
conceptual step  [F(1,22) = 36.72; 
P < .0001]. On part A of the Trail 
Making Test, patients with PSP were 
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Tests 


Wechsler Adult Intelligence Scale-Revised 
Full Scale IQ 


Verbal IQ 
Performance IQ 
Wechsler Memory Scale, Memory Quotient 







Hamilton Depression Scale 





Table 2.—General Cognitive Functioning and Mood State * 


Control Subjects (SD) 


130.16 (12.73) 
126.83 (13.71) 
125.66 (10.89) 
134.08 (14.11) 


Mattis Dementia Rating Scale 142.75 (1.85) 122.33 (7.77) —8.03 .0001 
Beck Depression Inventory 2.50 (2.23) 13.08 (8.00) 4.68 .0007 


1.58 (1.88) 
* This table indicates severity of general cognitive abilities in the patients with progressive supranuclear palsy 


PSP (SD) t Test P 
90.14 (7.93) —9.23 .0001 
94.58 (9.11) —7.56 .0001 
86.41 (8.41) —9.18 .0001 

© 96.33 (9.41) —6.64 .0001 


7.08 (5.77) 2.89 .01 


(PSP). The significance level was set at P < .001. Most scores, while significantly different than from control 
subjects, fell into the low to below-average range. Patients with PSP reported being mildly depressed. 


Table 3.—Motor Processes 


Tests 


Control Subjects (SD) 





PSP (SD) t Test P 


Luria tests 9.83 (.38) 4.66 (2.46) —7.95 .0001 


Purdue Pegboard 


Right hand 12.08 (1.83) 
Left hand 13.25 (1.76) 
Bilateral 20.58 (2.84) 
WISC-R Mazes 16.75 (1.65) 
Speed of speech 20.08 (1.88) 


5.91 (1.50) — 10.05 .0001 
5.16 (3.09) —6.98 .0001 
7.50 (3.68) — 10.30 .0001 
11.16 (3.35) 4,23 .0007 
14.58 (2.19) —5.52 .0001 


* WISC-R indicates Wechsler Intelligence Scale for Children-Revised. The data on motor performance con- 
firm the observed slowing of motor processes in patients with progressive supranuclear palsy (PSP). The sig- 


nificance level was set at P < .001. 


significantly slower than the control 
group (P < .0001), but it was on part B 
(which requires shifting between a 
numerical and alphabetical set) that 
patients with PSP demonstrated their 
most dramatic slowing [F(1) = 21.78; 
P < .0001]. Their difficulty in shifting 
conceptual sets was reinforced by the 
performance of the patients with PSP 
on the MDRS and the WCST. Patients 
with PSP were significantly impaired 
compared with control subjects on the 
concept formation subscale of the 
MDRS. Control subjects averaged 
close to achieving five categories, 
whereas patients with PSP barely av- 
eraged three categories on the WCST. 
Patients with PSP attained as many 
correct responses as control subjects 
but had over twice as many errors. 
When we looked at the type of errors 
made, we saw that almost all of the 
control subjects’ errors were of the 
“conceptual type,’ whereas patients 
with PSP made fewer conceptual but 
more perseverative errors (P < .007). 
Patients with PSP required almost 
twice as many trials as control sub- 
jects to achieve the first category on 
the WCST, but this difference did not 
reach significance. Visual (picture ar- 
rangement task) and verbal (similari- 
ties) reasoning were also difficult for 
patients with PSP. Even though PSP 
patient performance on the picture 
arrangement task and WCST was not 
significantly impaired based on the 
adjusted P values, they still indicated 


a trend toward impaired problem solv- 
ing by patients with PSP. 


Lexical Production and Drawing 
(Table 5) 


Patients with PSP (x = 9.8) pro- 
duced significantly fewer original line 
drawings compared with control sub- 
jects (x = 21.9) on the design fluency 
task (although their performance on 
this task was relatively no worse than 
on the animal fluency task). The draw- 
ings they did complete were often per- 
severative and such perseverations 
were drawn significantly more fre- 
quently by patients with PSP than by 
control subjects. 

Patients with PSP were signifi- 
cantly more impaired than were con- 
trol subjects in producing words that 
start with a specific letter or belong to 
a specific category (eg, animal fluency: 
patients with PSP, x = 8.8; control 
subjects, x = 21.6). The PSP patients’ 
performance deficits on verbal fluency 
tasks was similar to their performance 
on a drawing fluency task but included 
proportionally fewer perseverative re- 
sponses. These results stand in con- 
trast to their relatively better perfor- 
mance on the Boston Naming Test, 
suggesting that patients with PSP can 
more easily retrieve names of pictured 
objects than initiate a conscious 
search for the same names in lieu of 
pictorial cues. The PSP patients’ per- 
formance on the initiation and perse- 
veration subscale of the MDRS com- 
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plemented the above findings regard- 
ing increased latency of response and 
perseverative responses. 


Attention (Table 6) 


On the A-Test, which estimates sim- 
ple vigilance and selective attention 
ability, the control subjects made no 
errors, while patients with PSP omit- 
ted responding to only a few stimuli. 
On the PASAT, patients with PSP 
made significantly more errors than 
control subjects at all rates of presen- 
tation [F(1,22) = 67.75; P < .0001], al- 
though the slope of the PSP patients’ 
performance across rates of presenta- 
tion was similar to that of the control 
subjects [F(3) = .70; P < .54], indicat- 
ing that they were sensitive to the in- 
creasing difficulty of the task. On the 
Stroop test, [F(1,22) = 130.16; P< 
0001] patients with PSP read signifi- 
cantly fewer color words and named 
significantly fewer colors than the con- 
trol subjects. In the interference con- 
dition, patients with PSP read slightly 
fewer words than control subjects but 
the difference was minimal compared 
with the word-reading and color- 
naming conditions ([F(2) = 53.13; 
P < .0001]. In fact, the group interfer- 
ence scores were relatively close 
(P < .02), indicating similar sensitiv- 
ity to interference mechanisms. That 
is, patients with PSP were only mar- 
ginally different than control subjects 
in automatic processing of linguistic 
information in contrast to what has 
been reported in patients with frontal 
lobe lesions.” 


Time Estimation 


Patients with PSP demonstrated 
sensitivity to time perception on the 
basis of their performance estimating 
the duration of time passed while lis- 
tening to a tapping sound. However, 
across conditions (ie, varying the num- 
ber of taps per minute), their estima- 
tion of the number of taps théy heard 
in a selective attention task Was mar- 
ginally underestimated compared 
with control subjects (P <.02 to 
P<.04). Patients with PSP also 
slightly underestimated the current 
time when asked, as well as the dura- 
tion of the testing session, but in these 
estimates their performance was sim- 
ilar to control subjects. 


Correlational Analyses 


Severity of cognitive deficit as esti- 
mated by the MDRS, total score was 
highly correlated with performance on 
the majority of cognitive tests admin- 
istered with the exception of the verbal 
fluency tests and the indexes of depres- 
sion. On the other hand, only one cor- 
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Table 4.—Concept Formation and Reasoning Processes * 


Tests 


Control Subjects (SD) PSP (SD) t Test P 











Trail Making Test 
A 31.58 (7.56) 


65.33 (20.33) 


117.41 (42.77) 
391.25 (203.15) 


Wisconsin Card Sorting Test a 
Categories 6.33 (1.07) 3.00 (1.90) =—3.51. -002 
Total correct 71.25 (10.08) 66.41 (17.64) —.696 NSD 
Total errors 24.91 (20.18) 56.41 (25.0 3.47 .002 
Perseverative errors, % 11.37 (6.50) 24.61 (14.05) 2.89 .007 
Conceptual errors, % 70.31 (15.79) 41.03 (22.88)  —3.73 .001 
No. of trials to first category 14.66 (9.35) 23.81 (21.50) 1.29 NSD 
Concept formation subscale (MDRS) 39 (0) 34.58 (3.55) —4.30 .001 
Picture arrangement subtest (WAIS-R) 13.16 (2.82) 7.83 (2.08) —4.05 .001 
Similarities subtest (WAIS-R) 14.08 (1.24) 9.41 (2.74) —5.29 .0003 


*MDRS indicates Mattis Dementia Rating Scale; WAIS-R, Wechsler Adult Intelligence Scale-Revised. We 
show the difficulty patients with progressive supranuclear palsy (PSP) have on tests evaluating concept forma- 
tion and reasoning. The significance level was set at P < .001. Note the disproportionate difficulty that patients 
with PSP had completing part B of the Trail Making Test. On the Wisconsin Card Sorting Test, patients with PSP 
committed relatively more perseverative than conceptual errors, while control subjects had the opposite pattern. 


Table 5.—Performance of Patients With PSP and Control Subjects on Tests of Fluency, 
Naming, and Initiation * 


Control Subjects (SD) PSP (SD) t Test 


Design fluency 
Total 


Perseverations 


FAS fluency 
Total 


Perseverations 


Category fluency 
Animals 


Supermarket 
Boston Naming Test 


Initiation and perseveration 
subscale (MDRS) 


* PSP indicates progressive supranuclear palsy; NS, not significant; and MRDS, Mattis Dementia Rating Scale. 
The significance level was set at P < .001. e 


Table 6.—Attention * 


21.90 (6.83) —6.37 


54 (1.21) 


9.83 (4.40) 
5.08 (5.08) 


48.08 (12.34) —8.06 .0001 


1.19 (2.06) 


16.16 (7.57) 
2.08 (2.31) 


21.63 (4.36) 
26.58 (5. 19) 
81.66 (3.00) 
36.83 (.389) 


8.83 (2.29) 
12.25 (3.95) 
70.22 (9.44) 
27.83 (4.60) 





—8.31 .0001 
—4.37 .002 
—6.56 .0001 

















Tests Control Subjects (SD) PSP (SD) t Test P 

Stroop test 

Words 111.@0 (13.18) 46.33 (15.80) —9.43 0001 

Colors 74.58 (9.46) 33.50 (10.50) —9.83 0001 

Colorword interference 43.91 (8.15) 24.00 (4.71) —7.73 0001 

Interference score sag te. —3.25 2.24 .02 
Paced Auditory Serial Addition Test, second 

2.4 43.33 (12.65) 14.66 (6.05) —7.26 0001 

2.0 43.25 (10.67) 13.41 (6.25) —8.73 0001 

1.6 40.08 (10.92) 12.16 (5.20) —8.20 0001 

1.2 35.33 (11.61) 8.58 (4.58) —7.26 .0001 
A-Test 0.00 (0) 2.00 (1.70) 






* Patients with progressive supranuclear palsy (PSP) made relatively few errors on a simple bedside test of 
attention, while (controlling for speed) performing similarly as control subjects across conditions on two tradi- 
tional tests of attention. Patients with PSP were slower than control subjects when reading words or naming col- 
ors but they were relatively equally affected by the interference condition. In addition, even though patients with 
PSP made more errors on the Paced Auditory Serial Addition Test, they were equally sensitive as control sub- 
jects when task difficulty was manipulated. The significance level was set at P < .001. 


Stroop test interference condition 
(r = .68). 


Effects of Drug and Placebo on 
Executive and Attentional Processes 


relation between mood state (Hamil- 
ton Depression Scale score) and cogni- 
tive functioning (drawing fluency) 
reached criteria (r = .50). Moreover, 
duration of illness was only correlated 
with PSP patient performance on the 
Luria motor tests (r =.60) and the 


Following baseline testing, the pa- 
tients with PSP received either phy- 
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sostigmine or a placebo in a double- 
blind crossover design. The results in- 
dicated that neither physostigmine 
nor placebo produced a significant 
change in executive and attentional 
performance in patients with PSP. At 
best, patients showed a slight overall 
improvement in performance due to 
practice but thig change was not sig- 
nificant. Drug greatment also had no 
clinically significant effect on extrapyr- 
amidal motor function (modified Co- 
lumbia Rating Scale score akinesia 
7 + 1 during baseline and placebo and 
6.5 + 1 during physostigmine; rigidity 
.6 + .2 throughout the study). 

The levels of cerebrospinal fluid con- 
stituents did not significantly change 
during physostigmine administration. 
Acetylcholinesterase and butyrylcho- 
linesterase levels were 15 +2 and 
10 + 1.5 nmol/min per milliliter, re- 
spectively, during both placebo and 
drug treatment periods, respectively. 
Homovanillic acid was 17 +2 and 
18+3 ng/mL, and 5-hydroxy- 
indoleacetic acid was 15+1 and 
17 + 2 during the placebo and physo- 
stigmine phases. 

There were no clinically significant 
adverse effects associated with physo- 
stigmine treatment. 


COMMENT 


The results of our study confirm that 
patients with PSP are generally im- 
paired when compared with matched 
control subjects across a wide range of 
cognitive and motor tasks. Slowed mo- 
tor performance in these patients can 
affect scores on cognitive tasks. For 
example, patients with PSP were oc- 
casionally penalized on the WAIS-R 
performance scale subtests because of 
how slowly they solved a problem even 
though they achieved the correct solu- 
tion. Despite controlling for motor 
speed by administering tasks where 
cognitive-processing conditions are 
manipulated independent of response 
speed, slowed motor processes remain 
a possible confound in the interpreta- 
tion of cognitive test results in PSP. 
For example, several of the less cogni- 
tively demanding timed tests varied in 
“cognitive load” (eg, the PASAT and 
Stroop test) and although patients 
with PSP were slower than control 
subjects across conditions on these 
tasks, they were not additionally 
slowed by greater cognitive load (eg, 
speeding presentation rate or intro- 
ducing an interference condition), sug- 
gesting that at least some of the pa- 
tients’ performance on response-time 
tasks can be explained by slowed and/ 
or inhibited execution of motor re- 
sponses. However, on other timed 
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tasks (eg, subtests from the WAIS-R 
or WCST), patients did not improve 
their problem-solving performance 
even when additional (but nonscor- 
able) time was allowed. Physostigmine 
(at the doses administered) did not 
improve PSP patient performance. 
Of more interest is the finding that 
patients with PSP are particularly 
impaired when a task requires sequen- 
tial movements, reasoning, conceptual 
shifting, monitoring the frequency 
with which stimuli are presented, and 
rapid retrieval of verbal knowledge. 
These deficits indicate that above and 
beyond a general slowing of cognitive 
processes, the patient with PSP finds it 
difficult to perform on some tasks tra- 
ditionally associated with prefrontal 
lobe functioning. Although we found 
that patients with PSP were slower 
and made more errors than control 


- subjects on tests of automatic and ef- 


fortful attentional processing such as 
the Stroop test and the PASAT, pa- 
tients with PSP were nearly as sen- 
sitive as control subjects to the con- 
ditions of these tests. This finding 
suggests a slowing of the effortful cog- 
nitive processes associated with selec- 
tive attention but not a deficit in auto- 
matic processes. Mood state and dura- 
tion of illness were generally not 
associated with performance on se- 
lected tests of executive and atten- 
tional processes. However, perform- 
ance on a dementia severity scale was 
indicative of the level of PSP patient 
performance on attentional and exec- 
utive functioning tasks. The sugges- 
tion that patients with PSP have im- 
paired performance on tasks measur- 
ing frontal lobe functions has been 
made before. However, caution is ad- 
vised before attributing the cognitive 
deficits of patients with PSP primarily 
to prefrontal lobe dysfunction. Rather, 
a deafferenting process, as has been 
suggested by some,* would mean that 


relatively intact frontal processing 


would be deprived of input from basal 
ganglia, basal forebrain, and collicu- 
lar, and mediodorsal thalamus. In cog- 


nitive terms, this suggests that knowl- 


edge representation in the form of 
“higher-order” memory storage would 
be relatively intact in the frontal lobe 
while cognitive processes that affect 
the speed of processing representa- 
tional knowledge, the sequencing of 
knowledge during encoding and re- 
trieval, and the sequencing and coor- 
dination of learned motor movements 
would be affected by PSP. These im- 
paired cognitive processes have been 
more associated with basal ganglia 
functioning than prefrontal lobe func- 
tioning. Yet, without the collaboration 


of such processes, the prefrontal rep- 
resentational systems would be de- 
prived of the processes that help acti- 
vate and organize them in a timely 
fashion. The representational systems 
in the frontal lobe recently described 
as managerial knowledge units are rel- 
atively spared in patients with PSP.* 
The managerial knowledge unit is 
viewed as a schema or scriptlike rep- 
resentation of a set of related events 
that are structured to achieve a behav- 
ioral goal. Basal ganglia lesions could 
result in only weakly activated frontal 
lobe representations that would be 
prone to inhibition or disinhibition 
depending on environmental or task 
constraints. While this explanation is 
speculative, it does predict sparing of 
certain kinds of cognitive and social 
knowledge in these patients. Social 
and problem-solving behaviors ap- 
peared relatively intact in the patients 
with PSP we studied, although their 
performance on both the WCST and 
picture arrangement task was im- 
paired. 

Slowed processing of information by 
patients with PSP is likely to com- 
pound the basic deficits described 
above.” It would have detrimental ef- 
fects on memory tests, tests where in- 
formation was presented rapidly, and 
tests that required greater cognitive 
effort. Tests more carefully designed to 
control for speed of processing, knowl- 
edge retrieval, and organization of 
knowledge should aid in teasing apart 
the cognitive deficits observed in pa- 
tients with PSP. In addition, direct 
comparison of patients with PSP with 
other patients who have contrasting 
subcortical damage (eg, Huntington’s 
disease) will help disambiguate the 
various contributions of subcortical 
structures to cognition. The cognitive 
processes impaired in patients with 
PSP have their effect across a wide 
range of reasoning, memory, atten- 
tional, and linguistic tasks and may 
take theappearance of a “subcortical 
dementia.” However, the implication 
in our study is that cognitive tasks 
properly controlled for such processes 
as motor execution, staged planning, 
and speed of stimulus presentation 
will allow for relatively improved PSP 
patient performance. 

Physostigmine did not improve pa- 
tient performance on tests of attention 
and executive functioning. Brain me- 
tabolism studies have indicated hy- 
pometabolic flow in prefrontal brain 
regions in patients with PSP.” Some 
authors have described increased 
blood flow in prefrontal cortex follow- 
ing physostigmine administration in 
the patients with PSP we studied (I.L., 
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T.N.C., Daniel R. Weinberger, MD 
Karen Berman, MD, unpublished data, 
1989). Thus, increases in prefrontal 
cortex blood flow during physostig- 
mine administration in patients with 
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tasks sensitive to frontal lobe dysfunc- 
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BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
INDERAL® LA brand of propranolol hydrochloride (Long Acting Capsules) 


DESCRIPTION. INDERAL LA is formelated to provide a sustained release of propranolol 
hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules. 


CLINICAL PHARMACOLOGY. INDERAL is a nonselective, beta-adrenergic receptor-blocking 
agent possessing no other autonomic nervous system activity. It specifically competes with 
beta-adrenergic receptor-stimulating agents for available receptor sites. When access to beta- 
receptor sites is blocked by INDERAL, the chronotropic, inotropic, and vasodilator responses to 
beta-adrenergic stimulation are decreased proportionately. 

INDERAL LA Capsules (60, 80,120, and 160 mg) release propranolol HCI at a controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours, 
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hour period the areas under the propranolol plasma concentration-time curve (AUCs) for the 
capsules are approximately 60% to 65% of the AUCs for a comparable divided daily dose of 
INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
propranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
hour period, blood levels are fairly constant for about twelve (12) hours, then decline 
exponentially. 

INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
propranolol and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
propranolol, a possible need for retitration upwards should be considered, especially to 
maintain effectiveness at the end of the dosing interval. In most clinical settings, however, 
such as hypertension or angina where there is little correlation between plasma levels and 
clinical effect, INDERAL LA has been therapeutically equivalent to the same mg dose of 
conventional INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour 
exercise responses of heart rate, systolic pressure, and rate pressure product. INDERAL LA 
can provide effective beta blockade for a 24-hour period. 


INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the management of 
hypertension; it may be used alone or used in combination with other antihypertensive agents, 
particularly a thiazide diuretic. INDERAL LA is not indicated in the management of hypertensive 
emergencies. 

Angina Pectoris Due to Coronary Atherosclerosis: INDERAL LA is indicated for the long- 
term management of patients with angina pectoris. 

Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache. The 
efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use. 

Hypertrophic Subaortic Stenosis: INDERAL LA is useful in the management of hypertrophic 
subaortic stenosis, . especially for treatment of exertional or other stress-induced angina, 
palpitations, and syncope. INDERAL LA also improves exercise performance. The effectiveness 
of propranolol hydrochloride in this disease appears to be due to a reduction of the elevated 
outflow pressure gradient, which is exacerbated by beta-receptor stimulation. Clinical 
improvement may be temporary. 


CONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
bradycardia and greater than first-degree block; 3) bronchial asthma; 4) congestive heart failure 
(see WARNINGS), unless the failure is secondary to a tachyarrhythmia treatable with INDERAL. 


WARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component 
supporting circulatory function in patients with congestive heart failure, and its inhibition by beta 
blockade may precipitate more severe failure. Although beta blockers should be avoided in 
overt congestive heart failure, if necessary, they can be used with close follow-up in patients 
with a history of failure who are well compensated and are receiving digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of digitalis on heart muscle. 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response observed 
closely, or INDERAL should be discontinued (gradually, if possible). 
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IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 


INDERAL therapy is interrupted and exacert®tion of angina occurs, it usually is advisable 
to reinstitute INDERAL therapy and take other measures appropriate for the management 


of unstable angina pectoris. Since coronary artery disease may be unrecognized, it may 
be prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease who are given propranolol for other indications. 





Nonallergic Bronchospasm (eg, chronic bronchitis, emphysema)—PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA BLOCKERS. 
INDERAL should be administered with caution since it may block bronchodilation produced by 
endogenous and exogenous catecholamine stimulation of beta receptors. 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures. 

INDERAL, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its 
effects can be reversed by administration of such agents, eg, dobutamine or isoproterenol. 
However, such patients may be subject to protracted severe hypotension. Difficulty in starting 
and maintaining the heartbeat has also been reported with beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and sweating may not be significantly 
affected. Following insulin-induced hypoglycemia, propranolol may cause a delay in the 
recovery of blood glucose to normal levels. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms of 
hyperthyroidism, including thyroid storm. Propranolol may change thyroid-function tests, 
increasing T4 and reverse T3, and decreasing T3. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 


requiring a demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
propranolol. 


PRECAUTIONS. GENERAL: Propranolol should be used with caution in patients with impaired 
hepatic or renal function. INDERAL is not indicated for the treatment of hypertensive 
emergencies. 

Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should be 
told that INDERAL may interfere with the glaucoma screening test. Withdrawal may lead to a 
return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkąline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reserpine 
should be closely observed if INDERAL (propranolol HCI) is administered. The added 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycaiĝia, vertigo, syncopal attacks, 
or orthostatic hypotension. ® 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug, especially intravenous verapamil, for both agents may depress 
myocardial contractility or atrioventricular conduction. On rare occasions, the concomitant 
intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure or recent myocardial 
infarction. 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol. 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma levels 
of both drugs. 

Antipyrine and lidocaine have reduced clearance when used concomitantly with propranolol. 
Thyroxine may result in a lower than expected T} concentration when used concomitantly with 
propranolol. 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing biood levels. 

Theophylline clearance is reduced when used concomitantly with propranolol. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18-month 
Studies, in both rats and mice, employing doses up to 150 mg/kg/day, there was no evidence of 
significant drug-induced toxicity. There were no drug-related tumorigenic effects at any of the 
dosage levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. 

PREGNANCY: Pregnancy Category C: INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 

Cardiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypotension; 
paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the Raynaud 


type. 


lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; vivid dreams; an acute reversible syndrome characterized by 
disorientation for time and place, short-term memory loss, emotional lability, slightly clouded 
sensorium, anc decreased performance on neuropsychometrics. For immediate formulations, 
fatigue, lethargy, and vivid dre4#ns appear dose related. 

Gastrointestinal: Nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: Pharyngitis and agranulocytosis, erythematous rash, fever combined with aching and 
sore throat, laryngospasm, and respiratory distress. 

Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Auto-immune: In extremely rare instances, systemic lupus erythematosus has been reported. 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's dis@ase have been reported rarely. Oculomucocutaneous reactions involving the 
skin, serous membranes, and conjunctivae reported for a beta blocker (practolol) have not been 
associated with propranolol. 


DOSAGE AND ADMINISTRATION: INDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION—Dosage must be individualized. The usual initial dosage is 80 mg INDERAL 
LA once daily, whether used alone or added to a diuretic. The dosage may be increased to 120 
mg once daily or higher until adequate blood pressure control is achieved. The usual 
maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 mg may 
be required. The time needed for full hypertensive response to a given dosage is variable and 
may range from a few days to several weeks. 

ANGINA PECTORIS—Dosage must be individualized. Starting with 80 mg INDERAL LA once 
daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

If treatment is to be discontinued, reduce dosage gradually over a period of a few weeks {see 
WARNINGS). 

MIGRAINE—Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA once 
daily. The usual effective dose range is 160-240 mg once daily. The dosage may be increased 
gradually to achieve optimal migraine prophylaxis. If a satisfactory response is not obtained 
within four to six weeks after reaching the maximal dose, INDERAL LA therapy should be 
discontinued. It may be advisable to withdraw the drug gradually over a period of several weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS-80-160 mg INDERAL LA once daily. 

PEDIATRIC DOSAGE-At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. 
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WEST PALM BEACH ($) MANbS-ON WORKSHOPS" 
529 25th Street 
“Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bloplastics” 





WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a series of structured 
exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, and biometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and OTOLARYNGOLOGICAL SURGEONS 
(Neuro 700)—dissection skills for bonework of the head and spine, including attention to bioplastics and biometals as 
applicable. 






OR PERSONNEL (ORP 700)—dissection skills to become familiar with the applications of power instrumentation; 
and participation in problem solving, care and proper maintenance of power equipment. 





Neuro 700_ ORP _700 
JUNE 11-12-13 * 25-26-27 For OR Personnel only: 
JULY 9-10-11 * 19-20-21 SEPTEMBER 17-18-19 


AUGUST 13-14-15 
SEPTEMBER 5-6-7 + 20-21-22 






ENROLLMENT: Fee (US$): Surgeon $965.00; 
Fellow/Resident $585.00 (with letter from Department Head); 
All Operating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to: "Palm Beach Symposium.” Mail to: Midas Rex Institute, 2929 Race 
Street, Fort Worth TX 76111. Phone: 800-433-7639 or 817-831-2604. 
*Enrollmentis limited. Please call to reserve space before sending check or arranging 


travel plans. All enrollments are made through the Midas Rex office in 
Fort Worth. 


Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 





Traverse Giby — une 27-28-29, 1990 


Symposia/Hands-On Workshops Cosponsored by 
= For Neurosurgeons, Plastic, ENT, Craniofacial Henry Ford Neurological Institute 


and Maxillofacial Surgeons (Neuro 700) 
= For Operating Room Personnel (ORP 700) Department of Neurological Surgery 


“Modern Dissection Techniques of Henry Ford Hospital Division 
Bone, Biometals, Bioceramicsand Bioplastics” and MIDAS REX™ Institute 


COURSE DIRECTORS: J. I. Ausman, M.D., Ph.D; M. Dujovny, M.D.; G. Maflik, M.D. 

L. Zamorano, M.D., Ph.D.; Susan Mitchell, Ed.D.; Lee Sobania, Ph.D. 
e SYMPOSIUM FORMAT: Workshops: 7:30 a.m. to 
1:30 p.m. each day, with emphasis on hands-on 
exercises utilizing appropriate animal bones, 
skeletal bones, bioplastics, and biometals for 
dissection in the cranium and spine. OR personnel 800-678-1308 
will participate in the same activities. 616-938-2100 
e ENROLLMENT IS LIMITED. Please call before alapi, ge or making travel plans. All enrollments made 
through the MIDAS REX office in Fort Worth, Texas, U.S.A. 


e ENROLLMENT FEE: (U.S.$): $965.00; Fellow/Resident $585.00 (with letter from Department Head); All 
Operating Room Personnel /PA/Other) $250.00. 
Make check to “Traverse City ium.” 
Mail to: MIDAS REX Institute, 2929 Race Street, Worth, TX 76111, U.S.A. 
Phone: 817-831-2604. FAX: 817- 834-4835. 
*An Orthopaedic ium will be conducted simultaneously in a separate room. 
i and some lectures will be combined. 
Join the more than 8,000 enrollees who have completed MIDAS REX Hands-On Workshops 
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Probe-Evoked Potential Findings Following Unilateral 
Left-Hemisphere Lesions in Children 


Andrew C. Papanicolaou, PhD; Alfred DiScenna, MA; Letitia Gillespie, MA; Dorothy Aram, PhD 


è An evoked potentials procedure that 
has repeatedly provided evidence of pre- 
dominant right-hemisphere engagement 
during language tasks in recovered adult 
aphasics was applied to the study of 14 
children with early unilateral left-hemi- 
sphere lesions and in 14 matched normal 
subjects. In contrast with the adult pa- 
tients, the children with left-hemisphere 
lesions displayed the normal pattern of 
predominant left-hemisphere engagement 
in language and right-hemisphere engage- 
ment in visuospatial tasks. These data 
suggest that language restitution and de- 
velopment following early lesions involves 
intrahemispheric rather than interhemi- 
spheric functional reorganization. 

(Arch Neurol. 1990;47:562-566) 


The relatively good recovery and de- 

velopment of language following 
early left-hemisphere (LH) lesions in 
young children has been well docu- 
mented in recent years.'* The favor- 
able prognosis for language in children 
with lesions on the left side of the 
brain is generally attributed to neural 
plasticity. Very little is known about 
the reorganization that is thgught to 
occur following lesions sustained in 
early childhood. It has beenghypothe- 
sized that language functions are as- 
sumed by adjacent “uncommitted” or 
“undamaged” tissues within the LH or 
alternatively are transferred to homo- 
topic structures in the intact nondom- 
inant hemisphere.”* The scant data 
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available that address the issue of 
hemispheric reorganization following 
early LH lesions have come from pre- 
surgical application of the Wada 
procedure® or case study reports of 
dichotic listening tasks.!!"3 

Evoked potentials (EPs), especially 
in the context of the probe paradigm, 
provide a reliable and noninvasive 
means of studying language lateral- 
ization both in normal subjects and in 
recovering aphasic patients,'*2 but 
have not been applied to the study of 
language recovery in children sustain- 
ing unilateral brain lesions. The probe- 
evoked potentials paradigm consists of 
recording EPs to a repetitive probe 
stimulus (eg, click or strobe flash) pre- 
sented during a control condition when 
subjects attend to this stimulus exclu- 
sively, and during experimental condi- 
tions when subjects are engaged in 
language or other cognitive tasks. The 
dependent measure is the amplitude of 
the EPs to that probe stimulus re- 
corded from surface electrodes over 
left and right hemispheric sites. 

Normal adults show greater LH at- 
tenuation during language tasks in 
their auditory probe EPs and greater 
right-hemisphere (RH) attenuation 
during visuospatial tasks.'*'’ The de- 
gree of relative attenuation is inter- 
preted as the degree of hemispheric 
engagement. This interpretation is 
supported by the confluence of findings 
in three areas. Dichotic studies dem- 
onstrate that LH attenuation is at- 
tended by a right-ear advantage and 
RH attenuation by a left-ear advan- 
tage, or no ear advantage.'*!’ Probe- 
evoked magnetic field studies have 
demonstrated that probe EPs recorded 
over the LH and RH are generated in 
the left and right auditory cortices, 
respectively, and are attenuated there; 
that is, the observed probe EP attenu- 


ation is not an artifact of volume 
conduction.” Regional cerebral blood 
flow studies, likewise, have demon- 
strated that attenuation of the RH 
during visuospatial tasks paralleled 
RH increases in metabolic activity re- 
flected in increases of regional blood 
flow rates.?!?? 

The probe EP paradigm has been 
used with adult aphasic subjects, re- 
vealing that aphasic adults who recov- 
ered language showed greater RH at- 
tenuation to language tasks than did 
dysarthric, RH damaged, or normal 
subjects.'!834 

In the present study, we used audi- 
tory and visual probe EPs with a group 
of children with unilateral LH lesions 
and with a control group of normally 
developing children, to address the 
following questions. First, are audi- 
tory probe EPs attenuated more in the 
RH of children with LH lesions as they 
are with recovered adult aphasics, sug- 
gesting RH assumption of language, or 
in the LH, suggesting that language 
processing remains a predominantly 
LH function? Second, what is the ef- 
fect of an early LH lesion in the medi- 
ation of visuospatial operations? If a 
predominantly RH activation for lan- 
guage is observed, does language 
“sparing” and RH “crowding” result in 
impairment of visuospatial perfor- 
mance (eg, more performance errors) 
or in a displacement of visuospatial 
operations to the LH? 


SUBJECTS AND METHODS 


Fifteen children with LH lesions and 14 
age-matched control subjects participated 
in the two experiments. In the language 
study two control subjects and two subjects 
with lesions were excluded because we were 
unable to record clear auditory EPs; in the 
visuospatial study data were not available 
for one subject with lesions. All subjects 
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Table 1.—Clinical and Demographic Data for Subjects With Lesions and Control Subjects * 












Age at Age at 
Subjects Test Lesion CT/MRI Findings © Handedness Handedness 
With |—— ~ Full-Scale Lesion © ———— eee Before After 
Lesions Gender y IQ Score Etiology Cortical Subcortical Lesion Lesion 


mo y mo 
11 14 


ki M 18 3 122 AVM Frontal and parietal Thalamus R R 
lobes 


L2 M 17 <A 7 102 CVA Frontal lobe (large) None R L 
L3 Ne 15 11 4 6 92 CVA Temporal lobe None R R 


L4 Q 15 11 PN 104 PN Parietal and Post periventricular — 
temporal lobes white matter 
L5 M 14 11 PN 112 PN 


L6 E 14 E - 
L7 M 13 TA Te 
L8 M 12 O A AN 
L9 M 10 BEF 
L10 M 10 TA 6. 2 







L12 M 9 2 6 
L13t F 8 11 7 5 
L14ł M 9 11 PN 





Frontal and parietal 
lobes 


120 CVA None 


None 


§ L 
—§ L 


Caudate head; external R R 


capsule; anterior and 
posterior limb of 
internal capsule; 
superior 
periventricular white 
matter 


Parietal and 
occipital lobes 


Parietal lobe 


None 


Post periventricular —§ L 


white matter 


Temporal lobe 


Putamen; caudate R R 


head; external 
capsule; subinsular 
cortex; anterior, 


superior, 


and pos- 


terior periventricular 
white matter 


98 CVA Frontal lobe 


None 


Caudate head; anterior 
and posterior 
internal capsule; 


genu 
None 
Putamen posterior; R L 


Frontal lobe 
Frontal lobe 


exterior capsule; 
internal capsule; 
genu; anterosuperior 
periventricular white 
matter 


109 PN Parietal lobe 


Superior periventricular —§ L 


white matter 





AVM Frontal and parietal Superior and posterior R R 
lobe periventricular white 
matter 













EEN ROIS ST EL) as SL ae eS ae 


* AVM indicates arteriovenous malformation; CVA, cardiovascular accident; PN, prenatal or perinatal lesion; CT, computed tomography; MRI, magnetic resonance im- 


aging; R, right; and L, left. 
+L13, auditory data only. 
+L14 and L15, visual data only. 


§Handedness (—) means lesion onset before handedness established. 


with lesions had computed tomographic or 
magnetic resonance imaging scan evidence 
of unilateral lesions of vascular origin. 
Subjects with any premorbid neurologic, 
genetic, or developmental abnormalities 
were excluded, as were subjects with sei- 
zure disorders or neonatal complications. 
Demographic and clinical data are summa- 
rized in Tables 1 and 2. Testing occurred at 
least 1 year and, in most instances, many 
years after lesion onset. The majority of 
subjects with lesions had underlying con- 
genital heart disorders, giving rise to em- 
bolic events involving the middle cerebral 
artery. Fourteen age-matched, right- 
handed children, also with congenital heart 
disorders and comparable arterial oxygen 
saturation levels, but no neurological com- 
plications, served as control subjects. All 
lesioned and control subjects have partici- 
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pated in an ongoing study of the sequelae of 
unilateral brain lesions and have had ex- 
tensive cognitive assessments reported 
elsewhere." 

Probe EPs were recorded in the Evoked 
Potentials Laboratory of Rainbow Babies 
and Childrens Hospital (Cleveland, Ohio). 
Grass gold-plated electrodes were attached 
at corresponding temporal (T, and T,) and 
parietal (P, and P,) sites, all referred to 
linked ears (A,A,) with a forehead electrode 
(Fz) serving as ground, according to the 
conventions of the International 10-20 
system.” Beckman silver-silver chloride 
mini-electrodes were attached lateral to 
each eye and above and below either the left 
or right eye to monitor conjugate eye move- 
ments and blinks. 

Six hundred millisecond sweeps (202.8- 
millisecond prestimulus) were amplified 
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(gain forescalp channels was 15 000; gain for 
eye channels was 6000 to 12000, depending 
on the sizh of the recorded eye signals), fil- 
tered (0.1 to 70 Hz, 12 dB per octave), digi- 
tized (8 bit resolution = 0.78-Mv quantiza- 
tion level; 853.3-Hz sampling rate per chan- 
nel) and stored using a commercially 
available evoked potential system. An au- 
tomatic artifact rejection routine elimi- 
nated significant muscle, blink, and electro- 
cardiographic contamination. In addition, 
during the auditory tasks, the subjects fix- 
ated on a target spot placed on the center of 
a rear projection screen to reduce the oc- 
currence of significant contamination by 
eye movements. 

One hundred artifact-free sweeps were 
collected and averaged on-line during each 
condition at each recording site. Subse- 
quently, these averaged EPs were submit- 
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Control 


Subjects Gender 





Table 2.—Clinical and Demographic Data for Subjects With 
Lesions and Control Subjects * 


Age at Test 


Full-Scale 


mo IQ Score Handedness 


C2 F @ 19 11 109 R 
A ESS TEES De ws ne aS se 0.60- 
C4 M 18 10 137 R 
C5 M 16 0 118 R 
C6 M 11 10 103 R 0 ` 
C7 M 11 8 97 R 0.00 — a 
C8 M 11 0) 133 R 
c9 M 9 8 122 R 
C10 M 9 6 133 R = 
TOE TPE NS eT a” R Sern ee 
SA, 1.10 
oe ea e nR j gg 
SS SRE PS, SP EN OS ae 
EF- | « 
De ee a Ie RR a re ee a 
* All IQ scores based on Wechsler Intelligence Scale for Children-Revised, except C1, who received the x k xX | 
Wechsler Adult Intelligence Scale. Ż £3 
tCompleted visual tasks only. EOF | 
au § 0.90- 
< 3a 
ase 
Table 3.—Means (and SD) in Milliseconds of the Latencies of the Auditory and Visual z < 0.80 - pi 
N, and P, Peaks of Probe-Evoked Potentials for the Two Groups in Each Hemisphere Ss 0.00 — Right 
and Condition Hemispheres 
Hemisphere effects, over both control subjects 
and patients, of amplitude ratio scores of the 
Control Task Control Task probe-evoked potentials. Left, Significantly 
Condition Condition Condition Condition greater attenuation of auditory evoked poten- 
tials in the left hemisphere during the phono- 
Aualteiy Evoked Potentials logical task. Right, Significantly greater atten- + 
Sintrol 111.3 112.1 183.2 uation of visual evoked potentials in the right 
(28.2) (37.8) (28.9) hemisphere during the mental rotation task. 
Patients 124.2 201.1 
(41.8) (39.5) e 
Visual Evoked Potentials to attend to the words and signal the occur- 
Controls 141.2 151.1 219.5 rence of any of the three target phonemes 
(22.7) (28.2) (28.5) occurring anywhere in the word by raising 
Patients 144.3 143.8 204.5 their two index fingers simultaneously. 
(19.9) (15.8) (21.3) This was done in order to reduce the possi- 
bility of contamination of EPs with motor 
o potentials that might selectively bias either 
left- or right-hemisphere activity. 
ted to direct current offset adjustment and made. The visual probe stimulus was a flash The visuospatial-processing experiment, 
zero-pole digital filtering from 1 to 30 Hz. from a photic stimulator (Grass PS22) (in- similar in all design features to one previ- 
(Pilot data collected during preliminary tensity setting equals 1) presented at a rate ously reported with adults,” also consisted 
testing sessions demonstrated tħat this of 1 per second and back-projected onto a of a control and an experimental condition. œ+ 
bandpass did not alter phase or amplitude translucent screen subtending a 10° visual During the control condition, in addition to 
characteristics of the major components.) angle horizontally and vertically situated the probe flash stimulus, three different 
Each testing session consistedgf two ex- in front of the subject. types of figures were back-projected onto 
periments, one for assessing language and The language-processing experiment con- the same screen: geometric forms, line 
the other for visuospatial processing. In the sisted of a control and a phonological target drawings, and three-dimensional cube fig- 
former, the probe stimulus was a tone and detection condition. During the control con- ures. Subjects were to attend to the flash 
EPs to that tone were recorded from the left dition, subjects were required simply to at- but raise both index fingers simultaneously 
and right temporal areas (T, and T,). In the tend to the probe stimulus by counting the whenever one of the three figures was pro- 
latter the probe stimulus was a flash and number of tone bursts they heard. The pho- jected on the screen without making any 
EPs were recorded from the left and right nological target detection condition in- effort to process figures. For the experimen- 
parietal sites (P, and P,). volved, in addition to the presentation of tal condition, a mental rotation task was 
The auditory probe stimulus was a 500- the probe stimulus, presentation, through used for which pairs of three-dimensional 
Hz tone burst (10-millisecond ramp; 60- the same earphones, of a list of unrelated cube drawings were projected on a screen 
millisecond plateau) with an intensity of 60 words spoken at 0.5 words per second but and the subject’s task was to disregard the 
dB HL and arate of 0.7 per second delivered not time-locked to the probe stimulus. The flashes to which the visual probe EPs were 
binaurally through headphones (Realistic list included, at irregular intervals, words recorded, and to judge if the cube drawings 4. 


Nova 40). Subjects were asked to report any 
interaural loudness asymmetry; if present, 
minor adjustments (in 2-dB steps) were 
made until a subjective loudness match was 
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containing the phonological target items/ 
br/, /p/, or /m/. Subjects in this condition 
were required to disregard the tone stimu- 
lus, to which the probe EPs were recorded, 





0.80 





Auditory Evoked Potentials 


N,-P, Amplitude Ratio Scores of 
(Phonological Task / Control Condition) 





were the same (identified by raising the 
right index finger) or different (raising the 
left index finger). Of the 46 pairs of cube 
drawings, half consisted of similar, but not 
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wÀ 


identical, figures and half were identical 
figures, but oriented differently in space. To 
accomplish this task successfully, the sub- 
jects were instructed to mentally rotate one 
of the two drawings in each pair in order to 
align them before they made their judg- 
ment. 

Testing was accomplished in a single ses- 
sion ranging from 2 to 4 hours, depending 
on the number of trials rejected due to 
artifacts. Correcy performance was moni- 
tored throughout and rest breaks and re- 
freshments were included, as needed, to 
maintain optimal subject compliance. 


RESULTS 


Behavioral performance of the le- 
sioned and control subjects was com- 
patible in both the phonological detec- 
tion and the mental rotation tasks. On 
the average, subjects with lesions cor- 
rectly detected 80% of the targets and 
the control subjects, 77%. Correct 
judgments in the mental rotation task 
were 65% for the subjects with lesions 
and 74% for the control subjects. The 
performance differences between the 
two groups were not significant 
(P => .05) in either task. Moreover, 
completion time on the self-paced visu- 
ospatial task, reflecting the speed with 
which cube pairs were processed, was 
comparable in the two groups. 

These data indicate that, at the time 
of testing, children with LH lesions 
had attained normal levels of basic 
linguistic competence and were not in- 
ferior to control subjects in visuospa- 
tial performance required for the pho- 


nological and mental rotation tasks, ə 


respectively. As to the relative hemi- 
spheric activation underlying such 
performances, the probe EP data to be 
reported below, also reveal basic sim- 
ilarities in the two groups. 

Auditory probe EP waveforms re- 
corded from the left and right tempo- 
ral areas and visual EP waveforms re- 
corded from left and right parietal 
areas were characterized by two major 
peaks, an early negative (N,) and a 
later positive one (P,). The latencies of 
these peaks within each sensory mo- 
dality were comparable across hemi- 
spheres, groups, and conditions as 
shown in Table 3. 

To assess relative hemispheric en- 
gagement during each task, the N,-P, 
amplitudes of the probe EP waveforms 
were used, following the procedure 
employed in the previously reported 
studies with adult patients.'**> 

First, to ensure that sensory probe 
EPs, independently of their sensitivity 
to the cognitive tasks, were of compa- 
rable amplitude in the two groups and 
the two hemispheres, N,-P, amplitudes 
of EPs obtained during the control 
condition of each experiment were 
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submitted to two 2 (groups) by 2 (hemi- 
spheres) mixed design analysis of vari- 
ances, one for the auditory and one for 
the visual EPs. As expected, both anal- 
yses resulted in null effects (P > .05) 
indicating that during the control con- 
dition the auditory and visual EPs 
were of comparable amplitude bilater- 
ally, and did not differ between the pa- 
tients with LH lesions and their con- 
trols. 

Subsequently, to evaluate the rela- 
tive degree of probe EP attenuation in 
each hemisphere during each task, am- 
plitude ratio scores (task/ control con- 
dition) of EPs recorded in each hemi- 
sphere were computed as previously 
done in the studies involving adult 
patients.'*”*> These ratio scores were 
submitted to two separate 2 (groups) 
by 2 (hemispheres) mixed design anal- 
ysis of variances, for the auditory and 
visual data, respectively. 

The analysis of the auditory data 
resulted in a significant main effect 
of hemispheres F = 9.48; df= 1,23; 
P = .005, and no significant group or 
interaction effects (P > .05). These 
data indicate that, in both groups, en- 
gagement in the phonological detec- 
tion task resulted in significantly 
greater LH attenuation suggesting 
that the linguistic operations required 
by this task are mediated predomi- 
nantly by the LH for both lesioned and 
control subjects. Ten of the 13 subjects 
with lesions and 10 of the 12 control 
subjects displayed this effect as sum- 
marized in the Figure, top. 

The results of the analysis of the 
visual data also suggest that, as in the 
ease of normal adults,” in control chil- 
dren, and in children with LH lesions, 
mental rotation engages predomi- 
nantly RH resources. Specifically, the 
anal®sis of the visual EPs resulted ina 
main effect of hemispheres, F = 8.21; 
df = 1,28; P = .008 and, again, no main 
effect for the groups or significant 
group by hemisphere interaction 
(P > .05). 

In this case, 10 of the 14 control sub- 
jects and 9 of the 14 subjects with le- 
sions displayed the significant RH at- 
tenuation effect that is shown in the 
Figure, bottom. 

To summarize, the present probe EP 
data demonstrated: (1) that in our 
control subjects linguistic operations 
engage predominantly the LH, and 
visuospatial operations the RH, as is 
the case with normal adults; (2) that 
children sustaining LH lesions, unlike 
comparable adult patients, do not 
show greater RH engagement during 
linguistic processing found with adult 
patients, but the normal pattern of LH 
engagement. Moreover, they display 
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the same pattern of RH engagement 
during the mental rotation task as do 
both their control subjects and adult 
normal subjects. 


COMMENT 


Similar to normal adults and their 
normal contfols, the children with LH 
lesions studied here demonstrated LH 
attenuation during the phonological 
detection task and RH attenuation 
during the mental rotation task. These 
findings suggest that for the children 
with left-sided lesions, language pro- 
cessing, at least its phonological as- 
pects, continues to be predominantly 
mediated by the LH. Further, the le- 
sioned children’s RH attenuation dur- 
ing the mental rotation task does not 
provide support for an alteration of 
visuospatial functions subserved by 
the RH, as would be expected in accor- 
dance with the “verbal sparing” or RH 
“crowding” hypotheses.” 

These findings with children con- 
trast with results of recovered adult 
aphasics in which RH attenuation dur- 
ing this same phonological detection 
task suggested RH participation in 
restitution of language.'*”>** Explana- 
tions of neural plasticity underlying 
functional recovery typically have 
been attributed alternatively to re- 
cruitment of the homotopic area in the 
opposite hemisphere, possibly through 
release from inhibition of previously 
acquired, bilaterally represented abil- 
ities, or to recruitment of adjacent 
areas within the same damaged hemi- 
sphere.” When a LH lesion occurs at a 
young age, it may be that bilateral 
representation of language is not suf- 
ficiently developed to make available 
RH representation in the event of 
damage to the dominant hemisphere; 
therefore, this form of alternative 
functioning would not be available and 
RH attenuation to language tasks 
would not be observed among children. 
On the 8ther hand, recruitment of ad- 
jacent meural tissue has been sug- 
gested ag a model candidate of neural 
plasticit®in young animals”; a reor- 
ganization possibility that decreases 
with advancing age of lesion onset. It 
may be that when lesions occur at a 
young age, this form of neural reorga- 
nization permits restitution of lan- 
guage within the damaged LH, thus 
giving rise to the LH attenuation dur- 
ing language tasks. These speculations 
suggest that neural reorganization 
through recruitment of RH language 
representation may be a more reason- 
able explanation for recovered adult 
aphasics and that reorganization 
within the same hemisphere may ac- 
count for recovery in children. 
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That our findings with the children 
with LH lesions are not entirely con- 
sistent with lateralization findings 
based on the Wada test results de- 
serves note. Rasmussen and Milner” 
reported that children who remain 
right-handed following early LH le- 
sions have a high probability of re- 
maining LH-dominant for language 
while postlesion left-handedness is as- 
sociated with a high probability of bi- 
lateral or RH language representa- 
tion. Although all but five of our sub- 
jects were left-handed after lesion 
onset, LH attenuation was observed in 
that group. Furthermore, there was no 
relation between handedness and de- 
gree of LH attenuation in our sample. 

Similarly, Mateer and Dodrill’ have 
reported that Wada test results indi- 
cate a high proportion of RH or bilat- 
eral language representation in pa- 
tients with early LH lesions. A notable 
difference, however, between the pa- 
tient groups for whom Wada test data 
are available and those studied here, is 
that the patients tested with the Wada 
procedure presented with long- 
standing intractable seizure disorders. 
None of the subjects with lesions in the 
present study had a seizure disorder or 
were currently receiving anticonvul- 
sant therapy. Therefore, one possibil- 
ity is that the presence of ongoing sei- 
zure activity may interfere with that 
hemisphere’s ability to reorganize 
within itself, thus forcing a hemi- 
spheric dominance shift. 

In conclusion, for the children with 
LH lesions studied here, electrophysi- 
ological data indicate that language 
continues to be a predominantly LH 
function. Similarly, the predomi- 
nantly RH engagement found during a 
mental rotation task provides further 
evidence that mediation of visuospa- 
tial operations is not affected by early 
LH lesions as it could be expected if 
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recovery and development of language 
following these lesions involved in- 
creased RH participation. These find- 
ings, based on the same procedures 
employed in studies of adult aphasics, 
suggest that plasticity underlying re- 
covery from stroke in children differs 
from that observed in adults. 


This research was supported by National Insti- 
tute of Neurological and Communicative Disor- 
ders and Stroke, Bethesda, Md, grant NS 17366. 
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to manage Parkinson's 
disease. An individualized 
lifestyle modification program — 
encompassing diet, exercise and 
day-to-day coping strategies — is often bene- 
ficial to the patient. 


Par 


A Total Treatment Strategy 

That’s why Sandoz is bringing you PATH”. A 
comprehensive new program that expands ther- 
apy beyond drug treatment, PATH is the route 
to better management of Parkinson’s disease. 


Developed in conjunction with national 
Parkinson’s disease associations and Parkinson's 
disease specialists, PATH involves patient, family, 
pharmacist and physician in a total treatment 
strategy. 


The PATH Program puts you and your patients 
in touch with the latest information on symptom 
control and living with symptoms. It serves as a 
useful adjunct to your clinical management and 
provides a dependable additional source of 
information for your patients and their families. 


Home/Office Video Program 
PATH begins with a videotape that describes 

+ the program and reviews current approaches to 
living with Parkinson’s symptoms. It can be made 
available to your patients for home or office use. 


Regular Direct-to-Patient Mailings 

Patients receive regular PATH mailings contain- 

ing practical tips on day-to-day living with 

Parkinson’s symptoms. Topics include: 

Coming to terms with Parkinson’s disease 

m How to reduce stress and associated 
symptoms 

@ How to deal with social issues raised by 
chronic disease 

m How to achieve good nutritional status 

E Improving symptoms through exercise 


can 
personalized 





patient 





implement 











Cliniscan’ 

The Cliniscan™ Program 
is a unique personal- 
ized assessment pro- 

gram, available to 

qualified patients. 

Cliniscan™ provides your 

patients with specific recom- 

mendations for making helpful changes in their 
lifestyles. It also helps you monitor patient 

progress and provides you with the latest infor- 
mation on the treatment of Parkinson’s disease. 


o1rs 





Quarterly questionnaires detailing the impact of 
Parkinson’s symptoms on daily activities are 
completed by patients and their families. Their 
responses generate specific non-pharmacologic 
recommendations based on input from a board 
of Parkinson’s disease specialists. These are for- 
warded first to you and then to your patients. 


Enroll Your Patients Today! 
For further information, including patient enroll- 


ment forms, just fill in this coupon and return it 
to: PATH, P.O. Box 220, Hawthorne, NJ 07507. 


Or call toll free 1-800-874-PATH. 


z 





Because it takes unik than a prescription 
to manage ParKinson’s disease 


Please provide PATH patient enrollment forms 
and information to: 








(please print) 
Address 
City State Zip 


A Complimentary Service of 
A SANDOZPHARMACEUTICALS 
Corporation, E. Hanover, NJ 07936 (201) 503-7500 
© 1989 Sandoz Pharmaceuticals Corporation 
INST-489-1 4/89 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| Dr. 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Seizures Following Carotid Endarterectomy 


Karl Kieburtz, MD; John J. Ricotta, MD; Richard T. Moxley III, MD 


è Cerebral infarction, headache, and 
hypertension are well-known complica- 
tions of carotid endarectomy (CEA). Sei- 
zures are a less frequent, but important 
complication. We describe eight patients 
with focal and generalized seizures follow- 
ing CEA. Seizures occurred 6 to 13 days 
after CEA. All began as focal motor sei- 
zures contralateral to the side of the CEA, 
and six patients developed generalized 
tonoclonic seizures. Lorazepam and phe- 
nytoin sodium controlled the seizures. 
Five patients without evidence of stroke 
on computed tomographic scan were nor- 
mal in follow-up and had no further sei- 
zures. The other three patients had mild 
deficits. One developed a chronic seizure 
disorder. The pathogenesis of this syn- 
drome following CEA remains unclear, but 
may involve cerebral hyperperfusion, ce- 
rebral embolization, or both. 

(Arch Neurol. 1990;47:568-570) 


(Carotid endarterectomy (CEA) has 

become a common procedure in the 
management of cerebrovascular occlu- 
sive disease. Several complications 
have been described, including peri- 
operative cerebral infarction” hyper- 
tension, and headaches.’ §Seizures 
have been reported infrequently fol- 
lowing CEA. One group has sug- 
gested that seizures after CEA were 
secondary to cerebral embolization 
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from the operative site.* Others 158 
have suggested that there is a distur- 
bance of cerebral vascular autoregula- 
tion following CEA and that it leads to 
a hyperperfusion syndrome. They sug- 
gest that the failure of the vascular 
bed to respond to the restoration of 
normal blood flow leads to headache, 
seizures, and, in the most severe cases, 
hemorrhage.’ Some reports have com- 
pared the clinical complications fol- 
lowing CEA with the clinical symp- 
toms that accompany malignant hy- 
pertension, and have indicated that 
some pathologic features are similar.>” 

In the present report we have re- 
viewed all the cases of seizures follow- 
ing CEA in our hospital from 1981 to 
1987. During this period, approxi- 
mately 650 CEAs were performed. 
There were eight cases, including one 
previously reported by other authors.’ 
One representative case is presented in 
detail. We propose a possible cauge for 
the seizures that occasionally occur 
with CEA. 


REPORT OF A CASE 


A 76-year-old woman with a history of 
degenerative joint disease and a one-pack- 
per-day cigarette habit was admitted for 
evaluation of transient episodes of left mo- 
nocular blindness. Examination revealed 
bilateral carotid bruits that were greater 
on the left than on the right, normal eardiac 
findings and intact distal pulses. The pa- 
tient’s blood pressure was 160/80 mm Hg. A 
carotid ultrasound revealed a high-grade 
left internal carotid stenosis. Angiography 
revealed a tight (>90%) stenosis of the 
proximal left internal carotid artery (ICA) 
and extensive bilateral external carotid 
disease. 

A left CEA was performed using a poly- 
tetrafluorethylene patch. Electroencepha- 
lographic (EEG) monitoring was employed 
intraoperatively, and a shunt was not used. 
Although the patient had no history of hy- 


pertension prior to admission to the hospi- 
tal, on the first day after CEA her blood 
pressure was 170/80 mm Hg and she com- 
plained of headache.? Nifedipine therapy 
(10 mg three times daily) was initiated. The 
patient’s blood pressure returned to normal 
and her headache remitted. Three days 
postoperatively, she had a nocturnal head- 
ache, and she described black dots and 
crosses in her left visual field. Her blood 
pressure was 150/76 mm Hg. Propranolol 
hydrochloride therapy (20 mg three times 
daily) was begun. By the sixth postopera- 
tive day, the patient’s symptoms had re- 
solved, and she was discharged on a regi- 
men of propranolol hydrochloride (20 mg 
three times daily), aspirin (325 mg/d), and 
one multivitamin daily. 

The day after discharge, the patient was 
found unresponsive on the floor of her 
apartment and was brought to the emer- 
gency department. On initial examination, 
she was unresponsive and had continuous 
tonoclonic motor activity on her right side. 
This progressed to generalized tonoclonic 
seizures of approximately 15 minutes’ du- 
ration. Lorazepam and phenytoin sodium 
were administered intravenously, and en- 
dotracheal intubation was performed. A 
computed tomographic (CT) sean of the 
head revealed diffuse swelling of the left 
hemisphere in the distribution of the left 
middle cerebral artery. Doppler and ocular 
pneumoplethysmography studies revealed 
a patent left ICA. 

The next day (her ninth postoperative 
day) the patient awakened with right heme- 
paresis. On the tenth postoperative day she 
was extubated. She remained alert and had 
a right pronator drift and mild word- 
finding difficulty. Three weeks after the 
CEA the findings of her neurologic exami- 
nation were normal and a follow-up EEG 
was normal. A second CT scan showed res- 
olution of the diffuse swelling noted previ- 
ously. Phenytoin therapy was continued, 
and the patient had no further seizures. At 
her 6 months’ follow-up examination she 
was normal, and phenytoin therapy was 
discontinued without subsequent complica- 
tions. 
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SUMMARY OF EIGHT CASES 


Of the eight patients identified with sei- 
zures following CEA in our hospital, six 
were female. The average age was 69.5 
years. Six of the patients had transient is- 
chemic attacks compatible with deficient 
flow in the anterior circulation, while two 
were asymptomatic. A history of hyperten- 
sion was present in six patients. One had 
diabetes mellitus. @ne patient had also un- 
dergone a previos CEA on the contralat- 
eral side. One patient had CT evidence of a 
prior stroke on the side of the CEA, and one 
patient had a prior infarct contralateral to 
the side of the CEA. No other patients had 
a history of stroke. Seven of the group had 
a history of tobacco use. All had carotid 
bruits, and six had diminished peripheral 
pulses. At the time of their seizures, six pa- 
tients were receiving treatment with £8 
blockers and aspirin. Four patients were 
taking dipyridamole (Persantine), and one 
was taking warfarin sodium (Coumadin). 
One patient had a history of migraine. 

Seven of the eight patients underwent 
angiography which revealed high-grade 
stenosis (>90% ) in five and suggested oc- 
clusion of the ICA in two. The remaining 
patient had carotid Doppler studies that 
suggested high-grade stenosis. Five of the 
CEA procedures were on the right. Shunt- 
ing of the circulation during surgery was 
used in three cases, and a patch was utilized 
in four cases. For induction of anesthesia 
prior to operation, fentanyl citrate was 
used in seven cases. Isoflurane and thiopen- 
tal sodium were used for general anesthesia 
in five cases, and enflurane and halothane 
were used in the remaining two and one 
cases, respectively. 

The seizures occurred between 6 and 13 
days postoperatively, with a mean of 7.6 
days. Five of the patients experienced head- 
ache shortly after surgery, and three com- 
plained of headache just before their sei- 
zures. The headaches tended to be unilat- 
eral (ipsilateral to the CEA), intermittent, 
and of moderate intensity. Six of the eight 
patients had an elevation in their blood 
pressure compared with baseline at the on- 
set of seizure activity. Focal motor seizures 
contralateral to the side of vascular surgery 
were seen in all patients. Seizure activity 
progressed to generalized tonoclonic sei- 
zures in six patients. No predisposing met- 
abolic abnormalities were found on routine 
testing. All patients required anticonvul- 
sant therapy. Lorazepam was used initially 
in all cases. Phenytoin was used for main- 
tenance anticonvulsant treatment in seven 
cases and phenobarbital sodium in two 
cases. 

All patients underwent CT scans of the 
head within 24 hours of the onset of seizure 
activity. Three were normal; two showed 
diffuse cerebral swelling ipsilateral to the 
CEA; two revealed cerebral infarctions that 
were present preoperatively (one contralat- 
eral and one ipsilateral to the CEA); and 
there was one case of intracerebral hemor- 
rhage (ICH). All patients underwent EEG. 
Four EEGs were normal; three demon- 
strated focal slowing (ipsilateral to CEA); 
and there was one case of periodic lateral- 
ized epileptiform discharges (PLEDs) ipsi- 
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lateral to the CEA. Noninvasive carotid 
studies were performed in seven cases after 
the onset of seizures and demonstrated a 
patent ICA. 

All of the patients in the present report 
experienced an acute bout of focal motor 
seizure activity after the CEA, but only one 
patient had recurrent seizures requiring 
long-term treatment. After the initial bout 
of seizure activity, all patients had a pos- 
tictal hemiparesis. Five of the eight pa- 
tients were normal in follow-up. Three pa- 
tients had persistent deficits. These pa- 
tientsshad cerebral lesions on CT scans of 
the head (two infarction, one ICH). In one 
patient, the infarction and focal deficits 
were also present preoperatively. 


COMMENT 


Eight cases of seizures following 
CEA have been described. This report 
presents seven new cases to add to the 
30 cases previously reported. Twenty- 
one cases were reported from the Mayo 
Clinic, Rochester, Minn.'’ Other cen- 
ters have reported eight isolated ex- 
amples of this complication of CEA.**”’ 

Sundt et al! reviewed 1145 consecu- 
tive CEAs. Contralateral focal sei- 
zures occurred in 11 patients. They 
usually appeared between the fifth and 
seventh postoperative day. Two pa- 
tients had an ICH. Three had new mi- 
nor fixed neurologic deficits, and six 
were normal. Postoperatively all had 
elevated retinal artery pressures. Five 
had a preoperative history of ipsilat- 


eral stroke. All 11 patients had high- 
grade carotid stenosis demonstrated 
by angiogram. 

Reigel et al’ described 10 cases of 
seizures occurring after CEA in a re- 
view of 2439 cases from the Mayo 
Clinic. Some of the patients with post- 
operative seizures may be the same as 
those described by Sundt et al.' In the 
report of Reigel and colleagues 9 of the 
10 patients had focal motor seizures 
that subsequently developed into gen- 
eralized motor seizures. Eight had hy- 
pertension and four had a history of 
previous stroke ipsilateral to the CEA. 
None of the patients had a history of 
migrainé or diabetes. Xenon flow 
studies en seven patients revealed a 
marked crease in blood flow imme- 
diately aer CEA. Seven patients de- 
veloped headache postoperatively. All 
had PLEDs on their EEGs. The CT 
scans of the head were unchanged in 
six patients, and one patient had 
patchy cerebral edema ipsilateral to 
the CEA. All patients had full resolu- 
tion of their neurologic deficits. 

Youkey et al’ reported four cases of 
focal motor seizures following CEA — 
during an interval of 16 years. All of 
the four patients involved had high- 
grade stenosis, and two had a prior ip- 
silateral stroke and hypertension. The 
seizures occurred between the 3rd and 
11th postoperative days. One patient 
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had an ICH seen on CT scan of the 
head, while the others had normal 
studies. The patient with an ICH died. 
The others were normal in follow-up. 
Two other reports describe individual 
case studies.*’ 

The previous reports of seizures fol- 
lowing CEA have suggested that a hy- 
perperfusion syndrome is the cause of 
the seizures. Reigel et al’ have charac- 
terized this syndrome. These authors 
propose that cerebral blood flow in- 
creases markedly after surgery and 
that unilateral headaches, seizures, 
and occasionally, ICH subsequently 
develop. Computed tomographic scans 
of the head often show patchy cerebral 
edema, and angiograms show patency 
of the carotid vessel that has under- 
gone CEA. Reports describe autopsy 
findings in this complication that are 
similar to the findings in malignant 
hypertension.’ Previous reports have 
suggested that patients with hyper- 
tension and high-grade carotid steno- 
sis, especially if bilateral, were at the 
greatest risk for developing seizures 
after CEA.’ They caution against the 
use of anticoagulants or antiplatelet 
agents postoperatively in these pa- 
tients. They have recommended 
prompt treatment of elevated blood 
pressure and seizures. 

Another hypothesis for the cause of 
seizures following CEA has been pre- 
sented by Wilkinson et al.‘ They de- 
scribe three patients with a previous 
history of hypertension. Two had dia- 
betes and one had a previous stroke 
ipsilateral to the CEA. Seizures oc- 
curred between the fourth and sixth 
postoperative days. Imaging studies 
revealed carotid patency in two cases. 
Two patients had PLEDs on EEG. 
Fixed neurologic deficits remained in 
all cases. The authors concluded that 
cerebral embolization from the opera- 
tive site was the likely cause of the 
seizures. They thought that the time 
course and persistent neurolawic defi- 
cits were not consistent with gerebral 
hyperperfusion. The abruptgonset of 
seizure and neurologic deficgs was, in 
their minds, most consistent with em- 
bolic stroke. 

The patients described herein are 
very similar to the patients in the pre- 
vious reports summarized above. The 
majority of our patients had a history 
of hypertension and peripheral vascu- 
lar disease. All had high-grade steno- 
sis of the ICA. One patient had a pre- 
vious stroke ipsilateral to the CEA, 
and one patient had a previous stroke 
contralateral to the CEA. Most pa- 
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tients developed an acute increase in 
blood pressure and unilateral head- 
ache prior to the occurrence of seizure 
activity. The focal seizures that oc- 
curred in all patients were contralat- 
eral to the CEA. Only one patient had 
evidence of a new cerebral infarction 
on the postoperative CT scan of the 
head, and he had persistent neurologic 
deficits. The remainder of the follow- 
up CT scans were normal or unchanged 
from the preoperative scans. The 
EEGs were abnormal in half of the 
patients demonstrating focal abnor- 
malities ipsilateral to the CEA. 

Some of the patients in the present 
report had clinical courses similar to 
those described by Reigel et al? who 
propose that postoperative seizures 
are caused by hyperperfusion. How- 
ever, one of our patients had clinical 
features that were more consistent 
with Wilkinson and coworkers” theory 
of cerebral embolization as the cause 
of seizure activity. This patient had 
evidence of cerebral infarction on CT 
scan of the head and had persistent 
neurologic deficits. There were PLEDs 
on the patient’s EEG, and the patient 
also developed a chronic seizure disor- 
der. Six of the patients in the present 
report had findings consistent with the 
hyperperfusion syndrome. One of 
these patients had an ICH and a mild 
persistent neurologic deficit (left pro- 
nator drift, left-sided neglect). The 
five others had complete recovery. The 
CT scans of the head in these five were 
normal in follow-up, although these 
imaging studies do not exclude the 
presence of very small cerebral infarc- 
tions. In our cases there were no mea- 
surements of carotid blood flow. How- 
ever, seven of the patients had nonin- 
vasive studies that demonstrated ICA 
patency. These studies were helpful 
in excluding postoperative carotid 
thrombosis. The one remaining pa- 
tient in our group did not have findings 
that fit well with either of the two pro- 
posed causes of seizures following 
CEA. An alternate hypothesis for the 
cause of postoperative seizure activity 
in this case is that a seizure focus de- 
veloped from the previous stroke in 
this patient. 

This retrospective review cannot es- 
tablish the risk factors for developing 
seizures after CEA. Reigel et al’ sug- 
gested that advanced stenosis and bi- 
lateral carotid disease are risk factors. 
Skydell et al? suggested that isoflurane 
anesthesia and disseminated vascular 
disease may be risk factors for hyper- 
tension after CEA. Dolan and 


Mushlin® suggested that 8-blockade 
may contribute to headache and hy- 
pertension after CEA. It is worth not- 
ing that most of our patients were 
given propanolol hydrochloride (Ind- 
eral) for headache in an attempt to 
prevent hyperperfusion syndrome, 
without evident benefit. Further re- 
search conducted in a prospective 
fashion is needed to identify risk fac- 
tors and evaluate interventions. Al- 
though the pathogenesis remains un- 
clear, anticoagulant therapy should 
probably be avoided in this disorder, 
given the relative frequency of hemor- 
rhagic complications. 

Neurologists need to be aware that 
seizures may develop after CEA. As 
the case presented demonstrates, pa- 
tients may present with signs, symp- 
toms, and CT findings suggestive of 
massive brain infarction. Such pa- 
tients may go on to complete recovery. 
Appropriate management requires a 
knowledge of the possible causes of 
this disorder. Routine evaluation in 
such cases should include screening for 
metabolic causes of seizures (eg, hy- 
ponatremia) and noninvasive studies 
or angiography of the ICA to exclude 
postoperative thrombosis. Computed 
tomography should be performed to 
exclude hemorrhage. Beyond this, rou- 
tine supportive care and an avoidance 
of anticoagulants are the mainstay of 
patient care. 
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In 1924 Hans Berger first 
recorded the electrical activity 
of the brain. EEG was born. 
Instruments were designed and 
developed, but from the mid 
50’s—almost 35 years— 
technology and equipment have 
remained the same ...Until 
now! As a new decade dawns, 
TECA introduces the DG32— 
the next dimension in EEG. 


The DG32 offers a variety 
of improved features and 
revolutionary techniques ... 
optical disc storage 
dramatically reduces storage 
needs and allows easy 
remontaging and reformatting; 
high resolution thermal 
printing eliminates mess and 
the need to recalibrate; 
comprehensive reporting 
capabilities; state of the art 
controls and ergonomic design. 


The TECA DG32 is truly 
a breakthrough for EEG 
technology. Developed and 
manufactured in the USA by 
TECA Corporation—a leader 
in the neurodiagnostic industry, 
providing a full line of 
accessories and supplies, and 
backed by a nationwide net- 
work of service and support. 


TECA CORPORATION Three Campus Drive, Pleasantville, NY 10570 
(914) 769-5900 © 1-800-GET-TECA ¢ FAX: (914) 769-9045 
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Effects of Passive Tactile and 


Auditory Stimuli on Left Visual Neglect 


Marc Hommel, MD; Blandine Peres, MPh; Pierre Pollak, MD; Bernard Memin, MD; 
Gérard Besson, MD; Jean-Marc Gaio, MD; Jean Perret, MD 


è Patients with left-sided visual neglect 
fail to copy the left part of drawings or the 
drawings on the left side of a sheet of pa- 
per. Our aim was to study the variations in 
copying drawings induced by passive 
stimulation in patients with left-sided 
visual neglect. No stimulation at all, tactile 
unilateral and bilateral, binaural auditory 
verbal, and nonverbal stimuli were ran- 
domly applied to 14 patients with right- 
hemisphere strokes. Only nonverbal stim- 
uli decreased the neglect. As nonverbal 
stimuli mainly activate the right hemi- 
sphere, the decrease in neglect suggests 
right-hemispheric hypoactivity at rest in 


these patients. The absence of modifica- » 


tion of neglect during verbal stimulation 
suggests a bilateral hemispheric activa- 
tion and the persistence of interhemi- 
spheric imbalance. Our results showed 
that auditory pathways take part in the 
network involved with neglect. Passive 
nonverbal auditory stimuli may be of inter- 
estin the rehabilitation of patients with left 
visual neglect. 
(Arch Neurol. 1990;47:573-576) 


[the neglect syndrome is composed of 
a failure to report, respond, or ori- 
ent to a novel or meaningful stimulus 
presented to the side opposite a brain 
lesion. This failure cannot be attrib- 
uted to either sensory or motor defects. 
The decrease in activity of the lesioned 
hemisphere may be responsible.’ 
Hemispatial neglect is a part of the 
neglect syndrome and consists of ne- 
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glect in behavioral tasks performed in 
the hemispace contralateral to the le- 
sion. For example, patients draw only 
half of a picture of a flower; when asked 
to bisect a line, they may quarter it in- 
stead or may fail to cross out lines dis- 
tributed over a page. It is more fre- 
quent and severe with right-sided 
lesions.’ The degree of neglect may 
vary. It may be more severe if the in- 
farct size and premorbid brain atrophy 
is severe,’ and may improve with re- 
covery from a stroke.* Neglect may be 
modified by changing the visuospatial 
to verbal nature of the stimuli,’ by ca- 
loric stimulations,’ by voluntary 
orientation,’ by gaze deviation” to- 
ward the left side, by pointing toward 
the left side with the right hand," or by 
using a dopaminergic agonist.” Ne- 
glect is a dynamic process and these 
modifications have been considered 
the result of an increase in the activity 
level in the right hemisphere’ and/or 
changes in right-left hemisphere im- 
balance.” A change in the brain’s ac- 
tivity level induced by sensory stimu- 
lation or neuropsychological tests is 
accompanied by an increase in cere- 
bral blood flow'* and metabolism. A 
decrease in blood flow has been ob- 
served in the parietal areas in patients 
with neglect syndrome, and in the 
metabolism of deep brain structures in 
an experimental model of neglect in 
the monkey.” Our aim was to study 
whether modifications in hemispatial 
neglect could be induced by unilateral 
or bilateral passive external stimula- 
tion predicted to change the level in 
right- or left-hemispheric activity. 


PATIENTS AND METHODS 


Fourteen right-handed patients (8 men, 6 
women) with left-sided visual neglect 


(mean age, 57 years [range, 29 to 81 years]) 
presented consecutively to our institution 
and were included in the study. All of them 
were right handed'* (Edinburgh score, 
+100). The mean delay between the onset of 
the stroke and the neuropsychological eval- 
uation was 15 days (range, 2 to 28 days). 
Motor and sensory impairment as well as 
hemianopia were sometimes present. The 
stroke was an infarction in 12 patients and 
a spontaneous intracranial hematoma in 2 
patients. The clinical and computed tomo- 
graphic findings are summarized in the Ta- 
ble. The patients had no history of stroke, 
dementia, or other neurologic illness. 
Visuoconstructive disorders, if present, 
were mild and did not prevent them from 
drawing. The levels of consciousness and 
attention were normal. Hearing was exam- 
ined only at the bedside with whispered 
speech at 3 m, and by the Rinné and Weber 
tuning-fork tests; all patients denied any 
difficulty in hearing. No patient was musi- 
cally sophisticated. 

The test consisted of copying six draw- 
ings: a flower, a cube, a bicycle, a clock, a 
house, and three men. The instruction was 
to copy the drawings as accurately as pos- 
sible on the same sheet of paper. The sheet 
of paperfwas placed in front of the patient. 
When th patient finished, he had to lay the 
pencil don. If he did nothing for 15 sec- 
onds, the@examiner gave the instruction 
again. There was no time limit. All the tests 
were performed in the same session to avoid 
spontaneous fluctuations in neglect. The 
examiner and the patient remained silent 
throughout the test. 

Passive stimulations were given to the 
patient in a random order during the draw- 
ing tests. Twice, no stimulation at all was 
applied. The patient was exposed only to 
ambient stimulation and the noise of the 
single-bed room. This policy was used to 
test the effects of fatigue or learning on the 
task. 

Tactile stimulation consisted of repeti- 
tive taps with the smooth part of a pencil on 
the cheek, rapid but hard enough to cause 
an appreciable stimulus without causing 
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Clinical and Computed Tomographic (CT) Findings 




















Findings 
Case / 
Age, y/Sex Clinical CT 
1/89/M Hand and arm distal motor and sensory Right-sided parietal infarct: cortical 












defect 


Left-sided sensory loss; left arm 
paresis; left-sided lateral hemianopia 


Left-sided facial and brachial paresis 


atrophy 
Right-sided frontal, temporal, and 
parietal infarct 
Right-sided head of caudate, anterior 

arm of internal capsule, and 

lenticular infarct 


Right-sided parietal lobar hematoma 


2/77/F 













3/68/F 









4/73/F x Left-sided sensory motor defect, 


left-sided lateral hemianopia 
Left-sided hypesthesia and facial 
paresis; left-sided hemianopia 
Left-sided sensory motor defect: 
left-sided lateral hemianopia 
Left-sided sensory motor defect; 

left-sided lateral hemianopia 
Left-sided facial paresis, left-sided 

lateral hemianopia 

















5/53/M Right-sided thalamic, internal capsule. 
and occipital infarct 
Right-sided frontal, temporal, and 
parietal infarct 


Lenticular capsular hematoma 




















6/42/F 
















7/43/M 
















8/61/M Recent right-sided precentral infarct 
and parietal infarct; old right-sided 


corona radiata lacune 

Right genou of internal capsule and 
lenticular infarct 

Old right-sided premotor infarct: recent 
right-sided frontal, temporal, and 
parietal infarct 

Right-sided parietotemporal posterior 
arm of the internal capsule, head of 
caudate, and lenticular infarct 


Right-sided frontal and parietal infarct 













9/65/M Left-sided sensory motor hemiparesis 
affecting lower face 


Left-sided sensory motor defect 













10/70/M 












11/29/M Left-sided sensory motor defect 



















12/72/F Left-sided facial weakness; lateral 
hemianopia; and anesthesia 


Left-sided sensory motor defect 












13/81/M Right-sided frontal, temporal, and 
parietal infarct 


Right-sided parietal infarct 
















14/65/M Left-sided lateral hemianopia; left-sided 


sensory extinction 







Fig 1.—Modifications in neglect during the stimuli. Means of the intensity in neglect during the 
stimuli: 1, no stimulation on first task; 2, no stimulation on second task; 3, right cheek, tactile stim- 
ulation; 4, left cheek, tactile stimulation; 5, both cheeks, tactile stimulations; 6, headphones alone; 
7, auditory verbal stimulations (description of a landscape); 8, auditory verbal stimulations (en- 
couragement); 9, music; and 10, white noise. The 0.99 confidence bounds for comparison of the 
means in neglect between the first task without stimuli and the other stimuli using Tukey’s method 
are shown (dashed lines). ° 
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any discomfort: (1) stimulation on the left 
cheek; (2) stimulation on the right cheek; 
and (3) simultaneous stimulations on both 
cheeks. 

Auditory stimulation was given in both 
ears with a tape recorder and headphones. 
In all the auditory stimulation, sound 
amplitude was increased gradually. The 
patient was asked if he heard well; the in- 
tensity of the sound never caused any dis- 
comfort: (1) headphone$without any audi- 
tory stimulation; (2) tex? bearing no rela- 
tionship with the test situation (description 
of a landscape); this text was read with a 
female voice; (3) text with encouragement 
in relation to the test situation given with 
the same female voice as the preceding 
stimulation; (4) musical stimulation with 
classical music (Bach and Vivaldi concer- 
tos); and (5) auditory stimulation with a 
continuous and constant white noise. 

The drawings were analyzed indepen- 
dently by two of us (P.P. and M.H.) unaware 
of the patient and of the stimulation used. 
The criteria used were the absence in copy- 
ing of the left-most drawings distributed 
over the sheet of paper and the tendency to 
leave the left half of each drawing unfin- 
ished. The degree of neglect on each draw- 
ing was rated as follows: 3, no copy at all; 2, 
copy with severe neglect; 1, copy with mod- 
erate neglect; and 0, no neglect. The two of 
us took part in the elaboration of the scale; 
we trained ourselves in the use of this scale 
by openly analyzing the drawings of five 
patients not included in this study. This or- 
dinal scale was transformed into quantita- 
tive data according to the Ridits method.” 
For each of us the Ridits scores of each 


sheet of paper were summed. The means of $ 


the Ridits scores between both observers 
were considered as the result of the unilat- 
eral neglect during the stimulation: 5.46, 


® maximum neglect; 0.67, no neglect. 


STATISTICAL ANALYSES 

Interobserver agreement was assessed 
with the kappa statistic.” If a patient did 
not lend himself to all the stimulations, the 
missing data were estimated.” The normal 
distribution of the neglect scores was ex- 
amined with the Wilk-Shapiro/Rankit 
plots. The results were analyzed with the 
two-way randomized block design analysis 
of variance. This was performed both by 
deleting the cases with missing data and by 
adding the cases with estimated missing 
data. To recognize which stimulation mod- 
ified the neglect, Tukey’s method for com- 
parison of means was employed. 


RESULTS 


In 9 patients all of the modalities of 
stimulation were used. In the 5 re- 
maining patients, who were too tired 
to get through all the procedures, there 
were 13 missing values. The two of us 
were substantially concordant in the 
rating of the drawings (kappa, 0.75). 
The results of the statistical analyses 
did not differ, whether or not the cases 
with missing values were dropped out. 
Overall, the stimulations modified the 
neglect (F = 4.45; P < .0001). Tukey’s 
method for comparison of means dem- 
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Fig 2.—Top, Copy task of the six drawings of patient 13. Copy of drawings without stimulation. 
Bottom, Copy drawings during musical stimulations. Top and bottom, The score of neglect is shown 
for each drawing. 


onstrated that only nonverbal audi- 
tory stimulation, music (P < .01), or 
white noise (P <.01) improved the 
performance (Fig 1). An example of 
the change in neglect is shown in Fig 2. 


COMMENT 


Other studies that attempted to 
modify neglect used a verbal answer,” 
the recognition of verbal symbols,’’ or 
voluntary movements'' or gaze’ to- 
ward the left side. In our study, the test 
itself induced neither verbal left- 
hemispheric activation nor right- 
hemispheric activation by voluntary 
exploration toward the left side. Pas- 
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sive stimuli were used; this meant that 
the patient took no active part in the 
stimulation. 

Drawing a picture permits not only 
the diagnosis of constructional aprax- 
ia, but is also one of the best ways to 
demonstrate hemispatial neglect.’ Our 
study excluded all patients who had 
constructional apraxia that prevented 
the copying of drawings. The defini- 
tion of hemispatial neglect? takes into 
account the failure to cross out lines or 
copy drawings distributed over a 
sheet, and also the ability to reproduce 
only half of a drawing. The improve- 
ment in neglect, as illustrated in Fig 2, 


concerns both aspects: the copying of 
the flower and house and the improve- 
ment of the other drawings, for exam- 
ple, the bicycle during musical stimu- 
lation. Our scoring system of visual 
neglect took into account the failure to 
copy the drawings on the left part of 
the sheet ofepaper and also the ten- 
dency to leave the left half of the 
drawings unfinished. The sum of the 
scores of each of the six drawings on 
the sheet of paper appropriately rep- 
resented the definition of hemispatial 
neglect. 

The overall analysis of variance sug- 
gested that a change in the intensity of 
visual neglect could be induced by pas- 
sive stimulation. The comparison of 
the means showed that, between the 
two tests without any stimulus, the 
neglect remained constant and sug- 
gested that the fatigue effect” or learn- 
ing did not modify the neglect in our 
test situation. Tactile stimulation did 
not modify neglect. Passive tactile 
stimulation of the fingers and arms 
with a brush induced an increase in 
metabolism of the postcentral gyrus,” 
but this did not reach a statistically 
significant level in another study.” 
Negative results were also obtained 
with vibratory stimulation of the fin- 
gers and face.* When a tactile or 
somatosensory stimulus was pro- 
cessed during a discrimination task, an 
increase in blood flow% or metab- 
olism? was observed. Neither brush- 
ing the hand nor a discriminative task 
were possible during drawing in our 
study. The size of the cortical area 
corresponding to a small part of the 
cheek, the type of the stimulus, and the 
lesion of the sensory pathways and/or 
cortex were probably responsible for 
an insufficient increase in brain activ- 
ity. It may also suggest, as has been 
shown in the monkey,” that direct 
sensory pathways did not take part in 
the network involved with neglect.” 

Audigory pathways have bilateral 
projectigns*® and, as both ears were 
stimulat®d, both hemispheres were ac- 
tivated Wath the auditory stimuli used. 
As compated with dichotic listening, 
binaural stimuli could not activate one 
hemisphere alone; but binaural stim- 
uli are more closely related to the 
reception of auditory stimuli in every- 
day life. Our auditory stimuli were 
both verbal and nonverbal. 

The verbal stimulation not related 
to the test situation did not modify the 
neglect. When auditory encourage- 
ment was applied, there was a slight 
improvement, but it did not reach sta- 
tistical significance (P = .14). During 
verbal listening and processing, an 
increase in left-hemispheric cerebral 
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blood flow” or metabolism”**3!2 has 
been shown. An increase in cerebral 
blood flow?” and metabolism»? in 
the right hemisphere is also demon- 
strable. In these studies, special care 
was taken to obtain a high level of at- 
tention and motivation and, because 
the right hemisphere is more involved 
with attention,” this may in part ex- 
plain the increase in the right hemi- 
sphere’s cerebral blood flow or metab- 
olism. Interhemispheric imbalance be- 
tween the right and left hemispheres 
has been suggested as a cause of 
neglect.” The absence of worsening of 
the neglect with verbal auditory stim- 
uli may signify that there was no 
interhemispheric imbalance or that 
the imbalance was not modified. Per- 
haps the slight improvement due to 
encouragement reflected an effect of 
motivation and right-hemispheric ac- 
tivation. 

Both the nonverbal musical and 
white noise auditory stimuli produced 
an obvious improvement in neglect 
(P < .01). The effect was not specific 
for music. The improvement in neglect 
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depended not on the presence of an au- 
ditory stimulus, but on the verbal or 
nonverbal nature of the stimulus. An 
increase in cerebral blood flow% and 
metabolism*' has been shown to occur 
while listening to music, but the side 
and the extent of this increase de- 
pended on the strategy employed in the 
processing of the stimulus. If an ana- 
lytic processing of auditory stimuli is 
used, the metabolic increase is more 
marked in the left hemisphere." If a 
nonanalytic approach is used, the right 
hemisphere is more activated.’ Our 
patients were not musically sophisti- 
cated, no processing of the music was 
asked for, and no processing of a con- 
stant continuous white noise was pos- 
sible. White-noise stimuli have an ac- 
tivating effect on arousal.” The action 
of white noise on arousal may contrib- 
ute to the improvement in neglect seen 
in this test situation. This is because 
there may be a decreased activity in 
the right hemisphere in the genesis of 
neglect,’ and because the right hemi- 
sphere is more involved with atten- 
tional mechanisms.” Therefore, in the 
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MIDAS REX?® Institute 
PRE-SYMPOSIUM HANDS-ON WORKSHOP 


July 23-24-25, 1990 
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"Moderg Dissection Techniques of Bone, 
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ately preceding the Hilton Head Neurosurgical Sym- 
posium. (See opposite column) 
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The Midas Rex Hands-On Workshops will be held each 
day from 7:00 a.m. to 1:00 p.m. in the Villa Conference 
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structured exercises utilizing appropriate animal 
bones, skeletal bones, bioplastics, and biometals. Par- 
ticular attention will be directed toward dissection 
skills for bonework of the cranium and spine. 


The focus for Operating Room Personnel will be on 
dissection skills to become familiar*with the applica- 
tions of power instrumentation; discussion of and par- 
ticipation in problem solving, care, and proper 
maintenance of power equipment. 


ENROLLMENT 

Fee (US$): Surgeon $965.00; Fellow/Resident 
$585.00 (with letter from Department Head); All Op- 
erating Room Personnel(RN/CST/PA/Other) $250.00. 
Make check to "Hilton Head Symposium." Mail to 
address shown below. Enrollment is limited. Please 
call to reserve space before sending check or arranging 
travel plans. All enrollments are made through the 
Midas Rex office in Fort Worth. 


Continental break fast each morning. Dinner discussion 
for faculty, enrollees, and guests, July 24, 1990. 


CREDIT: 18 Hours CME Category I 


For additional information, call or write: 
MIDAS REX Institute 
2929 Race Street , Fort Worth, Texas 76111 
Phone: 800-433-7639 or 817-831-2604 
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PURPOSE 
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advances in the treatment of cerebrovascular disease. 
It is directed primarily to the clinical neurosurgeon, and 
will be considered valuable to younger practioners who 
are preparing for their Board Examinations. The pre- 
sentations will stress practical information of value to 
the clinician. A distinguished roster of international 
speakers join the course directors in presenting this 
course at Palmetto Dunes Hyatt Resort on Hilton Head 
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Pediatric Cerebrovascular Disease 


Alterations of Regional Cerebral Blood Flow Detected 
by TC 99m-HMPAO SPECT 


Eli Shahar, MD; David L. Gilday, MD; Paul A. Hwang, MD; E. K. Cohen, MD; Raymond Lambert, MD 
© 


@ Regional cerebral blood flow (rCBF) 
alterations, as determined by single pho- 
ton emission computed tomography 
(SPECT) using technetium Tc 99m hexa- 
methyl propylenamine oxime (Tc 99m-HM- 
PAO), were studied in 15 infants and chil- 
dren presenting with cerebrovascular dis- 
orders between the ages of 2 weeks and 
16 years. The rCBF patterns were corre- 
lated with clinical presentation, electro- 
encephalographic patterns, radiologic 
studies, including computed tomography 
and magnetic resonance imaging of the 
head, and cerebral angiography. All pa- 
tients presented with motor weakness 
that was accompanied in some with dys- 
phasia, defects in visual fields, obtunda- 
tion, seizures, and high temperature. Per- 
turbations of rCBF with Tc 99m-HMPAO 
SPECT brain scanning were detected in all 
patients investigated, with no adverse ef- 
fects related to the radiotracer. All pa- 
tients had a focal area of decreased rCBF, 


Pediatric cerebrovascular disorders 

(PCVDs) remain a serious diagnos- 
tic and therapeutic problem.! Children 
afflicted with these disorders may suf- 
fer from long-term severe sequelae, 
mainly hampering their motor devel- 
opment. These disorders may be either 
a complication or the first symptom of 
a serious underlying disease. There- 
fore, a rapid and accurate diagnosis, 
including assessment of regional cere- 
bral blood flow (rCBF) patterns, may 
be important to enable proper man- 
agement of children with these treat- 
able disorders. 

The clinician, at present, hag a pow- 
erful array of diagnostic toolB at his 
disposal, such as computed #9mogra- 
phy (CT) and, recently, magr#tic reso- 
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with adjacent hyperemia in 3 patients. In 7 
patients, there was an rCBF decrease in a 
vascular distribution, mainly that of the 
middle cerebral artery, that correlated 
with the clinical findings and a focal elec- 
troencephalogram, as well as computed 
tomography and magnetic resonance im- 
aging of the head. Impairment of rCBF was 
more extensive in 3 children, while early 
abnormal SPECT findings preceded ab- 
normal computed tomographic findings in 
another 2 children. In 2 patients, Tc 99m- 
HMPAO SPECT was the only positive ra- 
diologic test to correlate with focal clinical 
and electroencephalographic abnormali- 
ties, in view of repeated normal computed 
tomographic scans. We conclude that Tc 
99m-HMPAO SPECT brain scanning is a 
sensitive, complementary diagnostic mea- 
sure in the early detection, localization, 
and estimation of rCBF alterations in pedi- 
atric cerebrovascular disease. 
(Arch Neurol. 1990;47:578-584) 


nance imaging (MRI), in addition to 
cerebral angiography. The electroen- 
cephalogram (EEG) is also helpful in 
the early localization of the affected 
region. The use of radionuclide brain 
scanning has greatly declined since the 
introduction of CT, which provided 
better imaging. The need for the pa- 
tient’s cooperation, such as in the case 
of xenon 133 inhalation, further lim- 
ited the diagnostic availability of these 
radiopharmaceuticals in the pediatric 
age group. 

The recent development of new 
radiopharmaceuticals,? used in the 
adult population has generated wide 
interest in possible routine imaging 
of rCBF with the advent of single pho- 
ton emission computed tomographic 
(SPECT) imaging.’ It provides planar 
cross-sectional imaging of rCBF com- 
parable with that obtained by CT. 

Technetium Tc 99m _ hexamethy] 
propylenamine oxime (Te 99m-HM- 
PAO) is a recently synthetized radio- 
pharmaceutical that distributes in the 
brain to reflect rCBF.‘ Currently, it is 
considered a rather optimal ligand 
that will readily cross the blood-brain 
barrier and retain a fixed distribution 
for at least 5 to 8 hours to allow suffi- 
cient time for SPECT acquisitions 
without change of rCBF patterns.‘ 
This radiopharmaceutical has been 


used as a diagnostic Na in adults with 
cerebral infarction,’ head trauma,‘ and 
brain tumors,’ and was found to reflect 
perfusion changes with a high grade of 
sensitivity, even preceding the changes 
seen on CT scans in some cases. 

This article addresses our initial ex- 
perience with Tc 99m-HMPAO SPECT 
brain scanning in 15 infants and chil- 
dren with cerebrovascular disorders. 


The alterations of rCBF detected by « 


this technique were correlated with 
the clinical presentation, EEG, and 
radiologic studies, such as CT and MRI 
of the head, and cerebral angiography. 


PATIENTS AND METHODS 
Patients 


Fifteen infants and children with cere- 
brovascular disorders were studied with Te 
99m-HMPAO SPECT at the Hospital for 
Sick Children, Toronto, Canada, since this 
radiotracer became available for use in 
January 1987. It is approved for use with no 
need of a particular consent, given its pre- 
vious safe use. Clinical data from these pa- 
tients are presented in Table 1. All patients 
presented with motor weakness unilater- 
ally, which involved one or more extremi- 
ties and also involved the face in a few pa- 
tients. This was accompanied in some with 
obtundation, seizures, dysphasia in older 
patients, and high temperature in two in- 
fants, which lasted 7 to 9 days. The under- 
lying disease could be delineated in 11 
patients as follows: congenital heart dis- 
ease in 7, possible central nervous system 
infection in 1, minor head trauma in 1, 
moyamoya disease in 1, and the MELAS 
(mitochondrial encephalopathy, lactic aci- 
dosis, and strokelike episodes) syndrome in 
1. Eight patients were males and 7 were fe- 
males, presenting at age 2 weeks to 16 years. 


Tc 9mm-HMPAO SPECT Study 


Technetium Tc 99m hexamethy] propyle- 
namine oxime was used to study rCBF by 
means of SPECT. The Tc 99m-HMPAO was 
prepared by adding 1 GBq of technetium Te 
9mm pertechnetate in a 5-mL elute to a vial 
containing freeze-dried D,l-hexamethyl 
propylenamine oxime (Amersham Interna- 
tional, Buckingshire, England). An intra- 
venous line was placed, and the patient was 
kept in a quiet room with dim light and with 
plugged ears. Younger, noncooperative in- 
fants received an intravenous sedation of 
pentobarbital sodium (Nembutal). The vein 
was injected directly with 14 mCi of Te 
99m-HMPAO. Twenty minutes later, tomo- 
graphic acquisitions were begun using a 
single rotating head gamma camera (Star- 
cam, General Electric, Schenectady, NY) 
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Patient No./ 
Sex/Age at 


Diagnosist Presentation Clinical Findings Laboratory Studies Underlying Cause 


























1/M/17 mo High temperature for 9 d; R-sided weakness including CSF WBC, 66 X 10®/L CNS tuberculosis, possible 
irritability; paucity of R-sided face and extremities; MSRs (0.85 monocytes); 
movements of R-sided extremity, brisk; R PPD test, strongly 











plantar, extensor positive 


Dyspnea; cyanosis; Congestive heart failure; Echocardiogram: Recurrent thromboemboli of 
obtundation; seizures obtundation; seizures; hypertrophic e cardiac origin 

bilateral hemiplegia, R to L cardiomyopathy, 

mural thrombi 









2/F/14 mo 
























2 wk after mitral valve Cortical blindness; L-sided o Severe mitral valve stenosis 
replacement; visual weakness; brisk MSRs and ASD; mitral valve 
inattention; L-side decreased replacement; embolic 
motion origin? 


3 d following minor head Global dysphasia; R CSF, normal Unknown 


3/M/21 mo 



























4/M/4.5 










trauma, speech difficulties; hemiparesis; impaired 
R-sided decreased motion cortical sensation; R-sided 
increased tone; R plantar, 





extensor 


Abrupt onset of L-sided L-sided spastic weakness CSF, normal Embolic? 
weakness; speech difficulties including face and 
extremities; brisk MSRs; R 
plantar, extensor 
Abrupt onset of R-sided R-sided spastic weakness; 
weakness; speech difficulties brisk MSRs; R plantar, 
extensor 









5/F/14 









6/M/16 Cerebral arteritis? Embolic? 






















7/M/2 wk High-temperature for 1 wk; Spastic hemiparesis of RUL Initial investigation for Acute infantile hemiplegia of 
irritability; decreased motion and brisk MSRs possible R-shoulder unknown cause 


of RUL bursitis, negative 
Down's syndrome; cyanotic R-sided flaccid weakness; brisk CSF, normal Embolic? 
congenital heart disease; MSRs 

presented with seizures; 

weakness of R limbs 


Fanconi’s syndrome, recurrent R-sided spastic weakness; Pancytopenia 




































9/F/5.5 Moyamoya disease 











episodes of R-sided cortical sensory impairment; 
weakness; paresthesia brisk MSRs and R plantar, 
extensor; dysphasia 


















10/F/10.5 Recurrent seizures; hearing Flaccid weakness of RUL and Elevated lactate levels; MELAS syndrome: origin, 
loss; intermittent weakness brisk MSRs; cortical muscle biopsy NADH CoQ reductase 
of extremities; visual blindness; full recovery over specimen: LM, deficiency 
impairment a few days ragged, red fibers; 
EM, abnormal 


mitochondria 




















11/F/3.5 Down's syndrome; correction of R-sided flaccid weakness eye Embolic? 
A-V canal malformation; @ involving face: brisk MSRs; 


obtundation aphasia 


Irritability L-sided flaccid weakness; Hb, 50 g/L; protein C, Embolic 
MSRs decreased; L plantar, 0.32 (normal, >0.40) 
extensor 


Neonatal IVH; infantile L hemiplegia; R plantar, NE Unknown 
hemiplegia; intractable extensor 
seizures 
Cyanotic cardiac defect; R-sided paralysis including face Bes Embolic? 
cardiac operation and aphasia; increased R 
MSRes; R plantar, extensor 
Flaccid R-sided weakness and 
dysphasia; R brisk MSRs; R 
plantar, extensor 





















12/M/19 mo 























13/F/4.5 
















14/F/5 











15/M/F Unknown 





R-sided decreased motion 






* ASD indicates atrial septal defects; A-V, atrioventricular; CNS, central nervous system; CoQ, coenzyme Q; CSF, cerebrdgpinal fluid; EM, electron microscopy; Hb, 
hemoglobin; IVH, intraventricular hemorrhage; LM, light microscopy; MELAS (syndrome), mitrochondrial encephalopathy, lactifjacidosis, and strokelike episodes; MSR, 
muscle stretch reflex; NADH, reduced nicotinamide adenine dinucleotide; PCVDs, pediatric cerebrovascular disorders; PPD, p&ified protein derivative; RUL, right upper 
limb; and WBCs, white blood cells. 

tUnless otherwise indicated, age is in years. 


equipped with a high-resolution collimator. thick coronal and transaxial images were gions of interest (right side divided by left 
All data were acquired and processed as reconstructed, using filtered back-projec- side) was also performed. 
128 X 128 matrices; 128 projections of 20 tion with a Hanning filter (frequency cutoff 


seconds each using an elliptical orbit over of 1.0 cycles per centimeter). The resolution Ancillary Tests 


360 degrees were obtained. The images are was measured to be 15 mm full-width at All 15 patients were examined with con- 
uniformly corrected and reconstructed us- half-maximum. trast CT of the head, and 3 patients also 
ing individualized attenuation correction Since absolute quantification of rCBF underwent MRI of the head. Cerebral an- 


for each child. The method used is a first- studies using Te 99m-HMPAO SPECT is giography was performed in 7 patients. 
order one with an attenuation factor of 0.12 not yet available, side-to-side differences Twelve patients underwent EEG studies 
em. The reconstruction method used the were obtained by visual estimation, com- that were performed close to the radiologic 
distance-weighted back projection method paring the relative decrease in rCBF with investigations. An attempt was made to 
reported by Nowak et al.* Following unifor- the contralateral nonaffected areas. A cal- perform the Tc 99m-HMPAO and head CT 
mity corrections for each projection, 1.2-cm culation of percentage differences in re- and MRI investigations less than 24 hours 
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eo” ad 
. Table 2.—Radiologic and EEG Findings in PCVDs* 
Patient 
No. EEG CT/MRIt Angiography Tc 99m-HMPAO SPECT 
PDA, L parietal region Hypodensity: L internal capsule Nonspecific narrowing of carotid Decreased rCBF: L internal capsule 
(posterior limb) and globus palli- arteries and sylvian branches and basal ganglia; increased rCBF: 
dum of L MCA L internal capsule and parieto-oc- 
cipital regions 








Attenuated and irregular Hypodensity in the distribution of Not done Decreased rCBF: R frontotemporal, L 
background activity, R the R MCA parieto-occipital areas; increased 
to L rCBF: L temporal region 


PDA, R parietotemporal re- Minimal cortical atrophy; no hypo- Not done Moderate decrease of rCBF: R parietal 

gion densities detected lobe 

PDA, L parietotemporal re- Normal on 2 occasions Normal Decreased rCBĦ®in the L parietotem- 
gion poral regions, R cerebellar diaschi- 

sis 

CT (day 1), normal; MRI (day 2), Irregular and narrowed lumen af- Day 2, decreased rCBF in L internal 
increased signal in L internal ter the bifurcation of L MCA capsule and basal ganglia; R cere- 
capsule and basal ganglia (embolic?) bellar diaschisis 


6 PDA, over left hemisphere Extensive hypodensity in L MCA Mild irregularity of cerebral arter- Decreased rCBF in L parietotemporal 

ies (arteritis)? region, R cerebral diaschisis 
Not done Mild decrease of rCBF in L frontopa- 
rietal region 


Not done Decreased rCBF in L parietotemporal 
region extending to the vertex 


Marked slowing; PDA, L Initial CT and MRI: a small high- Initial: normal; 6 min after pre- 3 months: severe rCBF impairment in 
temporoparietal regions signal area-L frontal subcortical; sentation: multiple obstruc- the distribution of the L ACA and 
6 min after presentation, multiple tions of arteries and vascular MCA 
hypodensities bilaterally blush (‘‘smoke cloud’’) 
On presentation: severe CT: mild cerebral atrophy; MRI (T,- Not done Initial: decrease rCBF in occipital 
BA disturbance; multifo- weighted) increased signal in lobes (bilaterally); repeated: reper- 
cal seizures; subse- both parieto-occipital and genic- fusion, L to R 
quent improvement ulate bodies 


L PDA Day 2: hypodense area-L fronto- 







































Not performed 












































Negative 










PDA, L parietal region 












PDA, L parietal region Negative 


















































Not done Day 12: decreased rCBF in R fronto- 







































parietal region parietal region (widespread) 
12 Not done Day 1: wide hypodense area-R Filling defect (thrombus 2): M-1 Not done 
frontoparietal region segment of R MCA 
Day 13: complete resolution of hy- Not done Day 13: decreased rCBF (moderate) in 
podense area, subsequent wide R parietal region; MCA distribution 
sulci 








Bilateral hemispherical ep- Moderate enlargement of ventri- Not done Large area of decreased rCBF: R 


ileptiform activity cles, R to L frontoparietal region 
14 Generalized disturbance L frontoparietal hypodensity Not done Decreased rCBF: L frontoparietal re- 
of BA: L to R gion; adjacent hyperemia: L occipi- 
tal region 


Filling defect (thrombus?): Decreased rCBF: parieto-occipital re- 
M-1 segment of L MgA gion 





























Hypodensity of L internal capsule 





Not done 










* ACA indicates anterior cerebral artery; BA background activity; CT, computed tomography; EEG, electroencephalogram: MCA, middle cerebral artery; M-1, M-1 seg- 
ment of the middle cerebral artery: MRI, magnetic resonance imaging; PDA, polymorphic delta activity; rCBF, regional cerebral blood flow; SPECT, single photon emission 
tomography; and TC 99m HMPAO, technetium Tc 99m hexamethyl propylenamine oxime. 

tif not specified, the result refers to CT of the head. 


apart, if the patient’s status enabled it.The of decreased rCBF (Figl,candd,open while the CT image, which was ini- 
SPECT, neuroradiologic, and EEG studies arrows). Focal rCBF impairment also tially abnormal, showed normal find- 
were interpreted by different investigators correlated with the focal clinical find- ings, 13 days after onset. 
who were not aware of the other investiga- ings and a focal EEG disturbance. 
tive modalities. Impairment of rCBF detected with COMMENT 
RESULTS Te 99-HMPAO was more extensive in Cerebrovascular disorders are rela- 
three patients (patients 2, 9, and 13) tively uncommon in the pediatric age 
Perturbations of rCBWW assessed compared with the abnormalities group and, therefore, could sometimes 
with TC 99m-HMPAO brain scanning found with CT or MRI of the head (Figs be overlooked.’ The fatality rate of 
were detected in all 15 infants and 2 and 3). The SPECT images showed children with massive stroke is high, 
children, with no adverse effects re- abnormalities before the CT scans in and those who survive may remain 
lated to the radiotracer (Table 2). The two patients (patients 3 and 8). with permanent disability. Awareness 
SPECT images detected focal areas of Diminished rCBF found with Te and early recognition of PCVDs are, 
decreased uptake, representing im- 99m-HMPAO SPECT was the only ab- therefore, necessary to manage treat- 
paired rCBF observed in all patients. normal radiologic finding in two pa- able diseases and to prevent further 
These perturbations of rCBF corre- tients, correlating with focal clinical deterioration. Cerebrovascular events 
lated in 7 children with the radiologic and EEG findings (Figs 4 and 5). Com- are sometimes the presenting symp- 
abnormalities, commonly detected in a puted tomographic scans of the head tom ofan ominous disease, such as that 
distribution of a major cerebral vessel, were normal in both patients. Another which occurred in our patient who was 
mainly the middle cerebral artery (Fig infant (patient 12) with an acute onset later diagnosed as having moyamoya 
1). Three patients also had a localized of weakness on the left side still had disease. On the other hand, PCVDs 
area of hyperemia adjacent tothearea decreased rCBF detected with SPECT, may complicate the severe underlying 
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Fig 3.—Corresponding technetium Tc 99m hexamethy!| propylenamine oxime single photon emission tomo- 
graphic scanning images. An area of decreased regional cerebral blood flow (rCBF) is detected at the right 
frontoparietal area (arrowheads), and left parieto-occipital area (open arrow). A discrete rounded area of 


increased rCBF is seen in the left temporal area (arrowhead). 
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Fig 4.—Consecutive axial computed tomo- 
graphic scans from lower to higher cuts (a 
through d) demonstrate no definite abnormal- 
ity, with a questionable small area of hypoden- 
sity in the cortical deep white matter of the left 
parietal area. 
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Fig 5.— Corresponding technetium Tc 99m hexamethyl propylenamine oxime axial single photon 
emission tomographic images detect reduction of regional cerebral blood flow (rCBF) in the left 
temporal and parietal areas (open arrows) extending to the higher vertex region of the left parietal 
area (open arrow). 


diseases, mainly congenital heart dis- 
ease, that were also recorded in these 
series. The various underlying etiolo- 
gies observed in our patients with 
PCVDs reflect the marked heterogene- 
ity of these disorders in the pediatric 
age group.'’ Seven infants had preex- 
isting congenital heart disease, which 
is a recognized risk factor,’ especially 
following cardiac surgery.” Although 
very uncommon, minor head trauma, 
associated with late cerebrovascular 
events, occurred in one of our 
patients.'' Moyamoya disease, diag- 
nosed in a 6-year-old child in these se- 
ries, is a progressive occlusive disorder 
of the major arterial supply to the 
brain, which carries a grave prognosis 
without surgical attempts at 
revascularization.'? Our case is unique 
with respect to the association with 
Fanconi’s syndrome, documenting the 
second reported case. A 9-year-old 
girl wit’ the MELAS syndrome who 
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presented with transient ischemic ep- 
isodés is also described. A possible 
mechanism for these transient is- 
chemic episodes may be mitochondrial 
abnormalities in the smooth-muscle 
fibers of cerebral blood vessels." 
Neuroimaging techniques have be- 
come the diagnostic mainstay of cere- 
brovascular disorders in the attempt 
to verify clinical suspicion. The intro- 
duction of x-ray CT enabled clinicians 
to estimate the extent of the affected 
parenchyma following a cerebrovascu- 
lar event. Magnetic resonance imaging 
has recently emerged as an even more 
sensitive tool in the early demonstra- 
tion of stroke.' Irrespective of either 
modality, both provide anatomic de- 
lineations rather than reveal func- 
tional alterations in rCBF, which can 
be detected only with radionuclide 
studies. However, radioisotope studies 
using mainly freely diffusable radio- 
pharmaceuticals were, therefore, 


hardly used since the introduction of 
CT, which provided better images cor- 
relating with the precise anatomy of 
the affected area. The need for cooper- 
ation of the children tested further 
limited the use of these radiopharma- 
ceuticals. 

The need for a radiotracer that will 
be easy to &pply and will accurately 
reflect cerebral perfusion is especially 
important for the pediatric age group. 
The recent development of “micro- 
spherelike” radiotracers that would 
avoid rapid washout from the brain, as 
occurred with previously used, freely 
diffusable radiotracers, has contrib- 
uted remarkably to the accurate mea- 
surement of rCBF.’ These radiophar- 
maceuticals retain a complete first- 
pass cerebral extraction without 
immediate washout, thus providing a 
fixed distribution that is proportional 
to rCBF. The radiopharmaceutical Te 
99m-HMPAO belongs to this group. It 
seems to fulfill the main biological re- 
quirements of an optimal radiophar- 
maceutical as follows*: (1) Te 99m- 
HMPAO is a very small and inert mol- 
ecule and, therefore, will readily cross 
the blood-brain barrier. (2) Following 
the first pass, 2.25% of this radiophar- 
maceutical will be retained in the 
brain virtually unchanged for 5 to 8 
hours, thus allowing accurate imaging. 
(3) Animal and human studies showed 
that cerebral distribution of the ra- 
diotracer represents rCBF. The trap- 
ping mechanism is not clear but may 
be attributed to rapid breakdown of 
HMPAO to a less lipophilic substance 
that is mainly retained in intracyto- 
plasmic organelles. Therefore, this 
ligand combines the overall features of 
high brain intake and prolonged, fixed 
regional distribution. The ease of prep- 
aration of this rather inexpensive ra- 
diotracer and its safe, intravenous 
route of administration not requiring 
the patient’s cooperation make it es- 
pecially appealing for use in the pedi- 
atric age group. 

The We of SPECT for application of 
microsp@erelike tracers, achieved by 
modification of widely used gamma 
cameras, Aso contributed to the wide- 
spread use of these radionuclide 
studies.’ Single photon emission com- 
puted tomography provides axial im- 
ages of rCBF comparable with those 
obtained with CT or MRI. This rela- 
tively simple and inexpensive diagnos- 
tic tool, currently used in an increasing 
number of centers, makes it an easily 
accessible neuroimaging measure, 
compared with positron emission to- 
mography. Positron emission tomog- 
raphy accurately reflects rCBF by 
measuring glucose and oxygen’ 
metabolism,'* but it is extremely ex- 
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pensive, requiring an on-site operating 
cyclotron and highly specialized per- 
sonnel. Positron emission tomo- 
graphic scanners, therefore, are used 
in few centers; inevitably, their utility 
is rather limited.” 

The present study demonstrates the 
sensitivity and accuracy of Te 99m- 
HMPAO SPECT brain scanning in the 
detection of rCBF alterations in 
PCVD. Since a tumor or encephalitis, 
which may account for altered uptake 
or delivery of the radiotracer, was not 
diagnosed in our patients, localized 
decrease of uptake most likely reflects 
impaired rCBF. The sensitivity of Te 
99m-HMPAO SPECT is represented 
by the following findings: (1) Te 99m- 
HMPAO showed abnormalities in all 
15 patients tested, detecting areas of 
decreased rCBF; (2) an abnormality 
may have been seen on SPECT before 
it could be seen on CT; (3) compared 
with CT, a significantly more wide- 
spread distribution of rCBF impair- 
ment could be seen on SPECT; and (4) 
Te 99m-HMPAO SPECT was the sole 
study to demonstrate abnormalities 
that substantiated focal clinical and 
EEG findings, while head CTs were 
normal. Perturbations noted on Te 
99m-HMPAO correlated with CT ab- 
normalities, commonly in the distri- 
bution of major cerebral arteries, thus 
demonstrating the accuracy of this di- 
agnostic tool. 

Abnormalities observed on SPECT 
were more widespread in a few pa- 
tients than were the abnormalities ob- 
served on CT, presumably detecting 
the penumbra of the ischemic areas. 
As yet, it is not clear whether these 
perturbations reflect a complete or 
relatively ischemic zone. The rela- 
tionship between these zones is not 
clear from the SPECT studies, but, if 
such studies reflect the total rCBF re- 
duction, SPECT may be used as a sen- 
sitive tool for early detection, followed 
by vigorous efforts to preserve the rel- 
atively hypoperfused area. 


Magnetic resonance imago of the 
head were obtained from free pa- 
tients, in addition to CT scghs of the 


head. The MRI showed abfformalities 
early on in two children, in correlation 
with SPECT rCBF impairment, while 
the CTs still showed normal findings. 
These findings demonstrated the pre- 
viously reported" sensitivity of MRI in 
early detection of parenchymal is- 
chemia. The combination of early 
SPECT and MRI scanning may be very 
sensitive in the early detection of cere- 
brovascular disorders, and, therefore, 
should be recommended for future in- 
vestigation. 

Reduction of rCBF was the hallmark 
in all patients with PCVDs studied 
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with Tc 99m-HMPAO. Three patients 
also had evidence of increased rCBF 
adjacent to the area of hypoperfusion. 
Transient hypermia was recently re- 
ported in the early phases of cerebral 
infarction studied with Te 99m- 
HMPAO SPECT.” Increased blood 
flow to a relatively hypoxemic area ad- 
jacent to a completely infarcted area 
may, therefore, provide a plausible ex- 
planation of this phenomenon. An- 
other possible cause, however, which 
should be taken into account, may be 
an active seizure focus. In our experi- 
ence, such a focus corresponds with a 
discrete increase of rCBF correspond- 
ing to the area showing maximal epi- 
leptiform activity recorded with 
EEG.” 

The use of Te 99m-HMPAO in cere- 
bral SPECT scanning is still limited, 
and this may account for erroneous 
interpretations. Furthermore, the in- 
terpretation is currently qualitative in 
the absence of a quantitative signal 
system comparable with that of CT or 
MRI. Efforts are presently being made 
to establish a quantitative signal sys- 
tem that will allow objective judgment 
of Te 99m-HMPAO SPECT scans. 
Other intracerebral events, such as 
seizures” and maturational changes of 
rCBF during the first year of life, may 
also make these studies prone to mis- 
interpretation. Therefore, the validity 
of Tc 99m-HMPAO SPECT brain scan- 
ning as an accurate reflection of rCBF 
should be tested in larger groups of 
patients in all age groups, using an ob- 
jective quantitative signal system. 

The database demonstrating the 
sensitivity of Tc 99m-HMPAO SPECT 
brain scanning in detecting and local- 
izing rCBF alteration in adults with 
cerebrovascular disorders is rapidly 
expanding.*'°?!5 To the best of our 
knowledge, this is the first ped@atric 
series with cerebrovascular disorders 
investigated with Te 99m-HMPAO 
that demonstrated the early detection 
and estimation of the extent of rCBF 
impairment in PCVDs. This technique 
is easy to apply in children, does not 
require the cooperation of the patient, 
and has no adverse effects. We con- 
clude that Te 99m-HMPAO SPECT 
brain scanning is an important com- 
plementary diagnostic test in infants 
and children presenting with sus- 
pected cerebrovascular disease. These 
initial results warrant further studies, 
which are presently being carried out, 
in a larger group of children. 
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Immunologic Reactivity Against Borrelia burgdorferi 


in Patients With Motor Neuron Disease 
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Teresa Cheng; Audrey Ironside, RPT; Priscilla Wu, MA; Joel Delfiner, MD; 
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@ Of 19 unselected patients with the di- 
agnosis of amyotrophic lateral sclerosis 
(ALS) living in Suffolk County, New York 
(an area of high Lyme disease prevalence), 
9 had serologic evidence of exposure to 
Borrelia burgdorferi; 4 of 38 matched con- 
trols were seropositive. Eight of 9 sero- 
positive patients were male (8 of 12 male 
patients vs 2 of 24 controls). Rates of se- 
ropositivity were lower among patients 
with ALS from nonendemic areas. All pa- 
tients had typical ALS; none had typical 
Lyme disease. Cerebrospinal fluid was ex- 
amined in 24 ALS patients — 3 (all with se- 
vere bulbar involvement) appeared to have 
intrathecal synthesis of anti-B burgdorferi 
antibody. Following therapy with antibiot- 
ics, 3 patients with predominantly lower 
motor neuron abnormalities appeared to 
improve, 3 with severe bulbar dysfunction 
deteriorated rapidly, and all others ap- 
peared unaffected. There appears to be a 
statistically significant association be- 
tween ALS and immunoreactiv 
burgdorferi, at least among me 
hyperendemic areas. 

(Arch Neurol. 1990;47:586- 
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Patients with Lyme borreliosis, a 

multisystem disease caused by in- 
fection with the tick-borne spirochete, 
Borrelia burgdorferi, frequently de- 
velop significant neurologic abnor- 
malities.** Peripheral neuropathies 
and radiculopathies often occur,*!° 
producing symptoms lasting months 
to years if untreated. Fortunately, ap- 
propriate antibiotic treatment often 
leads to resolution of these problems. 
In contrast with Lyme borreliosis, 
amyotrophic lateral sclerosis (ALS) is 
a relatively uncommon, untreatable 
neurodegenerative disorder, the cause 
of which remains purely unknown.!” 
Several recent reports'* have consid- 
ered the possibility of an association 
between Lyme disease and ALS, and a 
limited pilot study among our own pa- 
tients with ALS suggested that a dis- 
proportionate number had immuno- 
logic evidence of exposure to B burg- 
dorferi. In view of this finding, we 
undertook a more systematic, con- 
trolled study in an effort to address 
this issue. 


PATIENTS AND METHODS 
Study Design 


Suffolk County, New York, consisting of 
the eastern two thirds of Long Island, is a 
mixed suburban-rural area with a high 
prevalence of Lyme borreliosis.'* Nassau 
County, New York, which occupies most of 
the western third of Long Island, is much 
more densely populated and developed, and 
has far fewer reported cases. To look for a 
possible association between Lyme borreli- 
osis and ALS in a well-defined and unbiased 
population, we contacted all patients with 
the diagnosis of ALS, who were registered 


with the Muscular Dystrophy Association 
(MDA) clinics in Suffolk and Nassau coun- 
ties prior to the discussion in the popular 
press of a possible association between 
these two disorders. For each patient (Table 
1), we obtained two control subjects 
matched for geographic area of residence, 
sex, and age (+3 years in all but two 
patients, +5 years in the remaining two 
patients). Serum samples from all patients 
and controls were assayed (enzyme-linked 
immunosorbent assay [ELISA]) for anti-B 
burgdorferi antibodies. For comparison, se- 
rum samples were also obtained from pa- 
tients carrying the diagnosis of ALS, who 
were followed in the MDA Clinic at Massa- 
chusetts General Hospital, Boston. Pa- 
tients with the diagnosis of ALS who pre- 
sented to the Suffolk County MDA Clinic (at 
University Hospital, Stony Brook, NY) fol- 
lowing the assessment of this prospective 
cohort were also evaluated, but are consid- 
ered separately. All patients in the prospec- 
tively defined cohort have now been fol- 
lowed either for at least 1 year, or until 
death. 


Patients 


All patients were evaluated by a neurol- 
ogist, and underwent extensive testing, in- 
cluding neurologic examinations, radio- 
logic or magnetic resonance imaging 
studies of the cervical spine, electromyo- 
graphic studies, and blood tests including 
serologic tests for Lyme disease (ELISA) 
and syphilis (VDRL), and serum immuno- 
electrophoresis. All had signs and symp- 
toms consistent with the diagnosis of ALS. 
Medical histories were reviewed for symp- 
toms suggestive of Lyme borreliosis—tick 
bite, arthritis, meningitis, radicular pain, 
or erythema chronicum migrans (the 
pathognomonic cutaneous lesion of Lyme 
borreliosis). Cerebrospinal fluid (CSF) sam- 
ples were obtained from 24 patients. (Fif- 
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teen of these patients were seropositive; 6 
had evidence of cell-mediated immunity to 
B burgdorferi, but negative antibody ti- 
ters.) Cerebrospinal fluid samples were ex- 
amined for cell count; differential; concen- 
trations of glucose, protein, and myelin ba- 
sic protein; IgG index; Lyme titer; and 
oligoclonal bands, and samples were cul- 
tured for routine pathogens and for B 
burgdorferi.’ Lygme-seropositive patients 
received intravenous ceftriaxone (2 g/d for 
14 days'®'’) to treat possible nervous system 
infection with B burgdorferi. 

In each patient we attempted to deter- 
mine if the earliest and most prominent 
difficulties were due to bulbar, upper motor 
neuron, or lower motor neuron dysfunction, 
and we attempted to provide an approxi- 
mate quantification of the degree of in- 
volvement of each of these three elements 
when the patient was initially evaluated. 
For each of these three components of the 
disease, deficits were graded on a 0 to +++ 
scale: 0, normal; +, mild symptoms but no 
objective abnormalities; +, perceptible ap- 
propriate findings on examination, but min- 
imal functional limitation; ++, moderate 
functional limitation; and +++, severe 
functional limitation. 

Group 1.—Twenty patients with the di- 
agnosis of motor neuron disease (MND), 
living in Suffolk County, were identified. 
One could not be contacted, the other 19 
agreed to participate (patients S1 through 
S19). All were seen in the Suffolk County 
MDA Clinic prior to their being aware of 
any possible association between Lyme bor- 
reliosis and MND. Each had a serologic test 
for Lyme disease (ELISA), and 13 had an 
assay of T-cell reactivity to B burgdorferi. 
Cerebrospinal fluid samples were obtained 
from 11 of 19 patients. 

Group 2.—This case-control group cone 
sisted of 38 subjects, matched for sex, age, 
and area of residence. Each had a serologic 
test for Lyme disease (ELISA). Subjects 
were drawn from a combination of 
sources—friends and relatives of patients, 
hospital employees and their friends, and 
ambulatory patients followed at University 
Hospital, Stony Brook, NY, for problems 
that were neither neurologic nor rheuma- 
tologic. The seroprevalence in this group 
(10.5% ) was comparable with that reported 
in several hyperendemic foci,”?! and sub- 
stantially more than the 5% to 6% sero- 
prevalence rate in randomly selected spec- 
imens from healthy blood donors in Suffolk 
County (unpublished data). 

Group 3.—Thirty-seven adult patients 
followed in the Suffolk County MDA/Neu- 
romuscular Diseases Clinic with other neu- 
romuscular diseases were randomly se- 
lected and underwent serologic testing for 
Lyme disease. This group included 1 patient 
with Guillain-Barré syndrome, 4 with post- 
polio syndrome, 4 with myasthenia gravis, 
3 with familial neuropathies, 1 with chronic 
inflammatory demyelinating polyneuropa- 
thy, 12 with miscellaneous other neuropa- 
thies, 7 with muscular dystrophies, 1 with 
dermatomyositis, and 1 with Friedreich’s 
ataxia. This group appeared to be a repre- 
sentative sample of the 82 adult patients (48 
males and 34 females) followed at the same 
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Table 1.—Patient Characteristics * 


Group 4, 
Suffolk County, Group 2, Group 3, Nassau County, Group 5, 
New York Control Other NMD New York Boston, Mass 


M/F 12/7 24/14 21/16 5/9 11/8 

Age, y 
Mean (SD) 59.2 (14.9) 
Male 57.2 (16.4) 
Female 62.7 (11.1) 


Group 1, 


58.3 (14.6) 46.7 (16.3) 
56.5 (16.1) 
61.4 (10.9) 


59.6 (14.5) 
58.0 (13.9) 
60.6 (10.2) 


61.2 (12.4) 


No. of patients 
with positive Lyme 
titers (M, F) 

No. of patients T-cell 
positive and titer 
negative (M, F) i 


Duration, mo (SD) 
Ab+ 27.2 (50.9) 


Ab+ excluding 
patient S10 


4 (2,2) 3 (2,1) 1 (1,0) 


15.4 (10.1) 
15.2 (7.5) 





*NMD indicates neuromuscular diseases; Ab, antibody. Statistical comparisons for rate of seropositivity 
(Fisher's Exact Test) are as follows. Suffolk County patients vs controls: overall, P = .0054; males, P = .0006; 
females, not significant. Suffolk County patients vs Boston patients: P = .0078. Suffolk County patients vs other 
patients with NMD: P = .0001. 





Table 2.—Clinical Characteristics of Patients Immunopositive for Lyme Borreliosis * 


Follow-up 
eo” Or! 
Duration, mo 








Duration, mo 


Patient After After 
No./Age, Onset Before Treat- After Treat- 
y/ Sex UMN LMN Bulb Sen Type Evaluation ment Condition Onset ment 





Seropositive 








$1/62/M + Ae LAA i = Bulb 9 16 Deceased 18 1 
$4/82/M t ++ — s LMN 17 29 F. a LPR 
$5/24/M + + T az LMN 17 21 Static 36 14 
$7/73/M ++ ++ +++ + Bulb 31 31 Improved 44 13 
$10/70/M +++ + - = UMN 20 y 20y Static 21y 22 y 
$13/50/M — +++ + — LMN 48 48 Previously 

intubatedt 


S16/76/F Previously 


intubatedt 

















$17/43/M ż + -— + LMN 1 2 Improved 10 8 
$19/65/M - + = — LMN 6 6 Improved 18 12 
$21/42/F + + ++ =- Bulb 3 3 Deceased 12 9 
$23/66/M ? +++ _ = LMN 78 72 Previously 
intubated 
N3/64/M = ++ + =i LMN 34 34 Deceased 43 10 
N4/58/M + +--+} + - LMN 42 42 Deceased 44 0.5 
01/66/F ++ +++ + + LMN 13 13 Deceased 18 4 
03/62/M ++ + St 4“. + Bulb 60 p Worse 72 10 
Seronegative, T-cell Positive 

$8/78/F +++ ++ . i UMN 19 32 Static 45 14 
$9/53/M te ++ + - LMN 25 34 intubated 36 3 dt 
$20/61/M = + + = LMN 12 13 Worse 36 12 
$24/55/M + BAR ee T Bulb 18 17 Deceased 21 4 
$25/60/F + skofe — _ LMN 4 7 Worse 7 1 









Static 


* UMN indicates upper motor neuron; LMN, lower motor neuron; Bulb, bulbar; and Sen, sensory. The column 
heading ‘‘Before Evaluation" indicates disease duration prior to our evaluation. Plus-minus sign indicates mild 
symptoms but no objective abnormalities; one plus sign, perceptible appropriate deficits on examination, but 
minimal functional limitation; two plus signs, moderate functional limitation; three plus signs, severe functional 
limitation; and question mark, unknown. 

+Patient was intubated and followed up for a period greater than or equal to 12 months; patient was too phys- 
ically limited to note a change. 

Patient was intubated within 1 week of initiation of treatment; little change in patient's condition noted since 
then. 
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sponse was considered to be positive only if 
the stimulation index was greater than 4 
and the number of counts in Borrelia-stim- 


Table 3.—Clinical Characteristics of Patients Immunonegative for Lyme Borreliosis* 






E Ponmuup ulated cultures was greater than 3500 dis- 

Before Duration integrations per minute. * 

Patient No. / Onset Evaluation, After Onset, Western Blot Analysis.—Western blots 
Age, y/Sex UMN LMN Bulb Sen Type mo Condition mo were performed as pr eviously described.” 
S2/52/F x re? A m LMN 5 Deceased 34 Gels were prepared from sonicated prepa- 
p: a rations of B burgdorferi (strain B31), and 
ET ri r = = es F ESPAN = (1:500). Cerebrospinal @uid samples were 
diluted so that the final ¥gG concentration 
$12/63/M + ce Os GMS 19 Deceased 21 was identical to that in the diluted serum 
S14/46/F A a + LMN 24 Worse 53 samples and was then processed simulta- 

neously with the serum samples. 

S18/57/F $ + Tae oc LMN 6 Deceased 80 Lyme CSF Index.—To determine if there 
was evidence of specific anti-B burgdorferi 
S$26/59/F ++ + +++ —- Bulb 8 ? 6" antibody synthesis in CSF,» we first mea- 
S27/72/F r e e a Ya Bulb 31 Static 46 sured the concentrations of IgG in serum 





and CSF samples by laser nephelometry. 
Each serum sample was then diluted so that 
the final IgG concentration was identical to 
that in the paired, undiluted CSF samples. { 


io) 
MD 


Worse 
Static 
Worse 


aT 
+ 
+ 

| 

| 
m 
= 
ae 
NM 
A 


S28/57/M = 
S29/72/F + 
S30/36/F ++ 





oe 
fs 
-3 
rm 
= 
=z 
© 


| 
Ea 
| 
ETA 
w 
= 
o 
A 
© | — 


$31/73/F = +t — STG __LMN 48 ZE 52 Undiluted CSF and diluted serum samples 
see/SV/E FFE ++F | ++ a UMN 19 22 were processed in parallel by ELISA to de- 
$33/29/M ++ ++ $ - LMN 17 TE 20 termine the relative concentrations of an- 
$34/53/M + 4+ -— - LMN 20 Worse 26 ti-B burgdorferi antibody. The ratio of the 


S35/60/F F + Ft 


N 


Deceased 


N2/61/M ; 


04/63/F ++ ++ ++ = 





Intubated 


?UMN 24 ? 


*UMN indicates upper motor neuron; LMN, lower motor neuron; Bulb, bulbar; Sen, sensory; and CTS, carpal 
tunnel syndrome. The column heading “Before Evaluation” indicates disease duration prior to our evaluation. 
Plus-minus sign indicates mild symptoms but no objective abnormalities; one plus sign, perceptible appropriate 
deficits on examination, but minimal functional limitation; two plus signs, moderate functional limitation; three 
plus signs, severe functional limitation; and question mark, unknown. 


time in this clinic. The mean age of the 
larger group was 43.2 years. The distribu- 
tion of diagnoses and locations of resi- 
dences of the sample were comparable with 
those of the entire population. Although 
patients in this group were somewhat 
younger than the patients with ALS, they 
were well matched in terms of geographic 
and sex distribution. Very few were home- 
bound and immobile, and most had the 
same ability to be outdoors (and exposed to 
ticks) as did our ALS population. 

Group 4.—Seventeen patients with the 
diagnosis of MND living in Nassau County 
were identified. Fourteen agreed to partic- 
ipate, and had serologic tests for Lyme dis- 
ease (ELISA). Three had lumbar pgnctures. 
One of the 3 patients who did no partici- 
pate was studied elsewhere and f#und to be 
seropositive for Lyme borreligsis. Four 
cases from Nassau County wef evaluated 
in the Suffolk County MDA Clinic and are 
included in Tables 2 through 4 (cases N1 
through N4). 

Group 5.—Serum samples were obtained 
from 19 unselected patients with MND, fol- 
lowed up in the MDA Clinic at Massachu- 
setts General Hospital, and were screened 
for serologic evidence of Lyme disease. 
These patients were from parts of the 
United States in which Lyme borreliosis is 
thought to be less prevalent than it is on 
Long Island. Sixteen patients lived in the 
metropolitan Boston area, 1 was from 
Rhode Island, 1 was from Pennsylvania, 
and 1 was from Seattle, Wash. 

Other.—Four patients (patients 01 
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through 04) with the diagnosis of MND, but 
living outside of Long Island, presented to 
the Suffolk County MDA Clinic specifically 
for evaluation of possible Lyme borreliosis. 
Their data are also included in Tables 2 
through 4. In addition, 16 patients living in 
Suffolk County were evaluated in the Suf- 
folk County MDA Clinic (patients S20 
through $35), but were first seen after the 
popular press discussed the possible associ- 
ation between these two diseases. They 
were evaluated in similar fashion to those 
in group 1, but are not included in the epi- 
demiologic study. 


Immunologic Methods 


Serologic Testing.— Antibody reactivity to 
B burgdorferi was measured using a previ- 
ously described ELISA.” Serum samples 
from 10 control subjects without a history 
of erythema chronicum migrans, tick bite, 
or arthritis were processed concurrently. 
Patient serum samples with optical densi- 
ties (ODs) exceeding the mean ODs of these 
controls by more than 3 SDs were consid- 
ered seropositive. All others were consid- 
ered seronegative. In Table 4, the Lyme- 
specific antibody ratio (expressed as the 
“Lyme Ab ratio”) was calculated as the ra- 
tio of the OD of the patient’s serum sample 
to the mean ODs + 3 SDs of the control se- 
rum samples. 

T-cell Assay.—T-cell immunity was mea- 
sured by determining the specific lym- 
phoproliferative response to whole B burg- 
dorferi, as previously described.” The re- 





OD obtained with the CSF sample to that of 
the diluted serum sample was calculated, 
and is expressed in Table 4 as the Lyme CSF 
index. Values greater than 1.0 were consid- 
ered suggestive of intrathecal production of 
specific antibody. 

Serologic Testing for Tick-Borne Viruses. — 
Since several reports have suggested the 
possible occurrence of an ALS-like illness 
in patients infected with tick-borne enceph- 
alitis viruses, we screened 14 patients’ se- 
rum samples for antibodies to 10 tick-borne 
viruses. The antigens were tick-borne vi- 
ruses known to be associated with human 
disease in the United States (Colorado tick 
fever virus and Powassan virus); tick-borne 


e viruses known to occur in the United States 


but not known to cause human illness or 
infection (Lone Star, Sawgrass, and Six 
Gun City viruses); or tick-borne viruses as- 
sociated with human illness but not known 
to occur in the United States (Thogoto, 
Kemerovo, Lipovnik, Bakau, and Tribec 
viruses). 

Monovalent antigen spot slides were pre- 
pared from infected Vero cells, harvested 
after a trace of cytopathic effect was evi- 
dent. Mixtures of infected and uninfected 
Vero cells were suspended in phosphate- 
buffered saline (pH, 7.4) and dropped onto 
12-well Teflon-coated slides. After drying, 
the slides were fixed in acetone for 10 min- 
utes. Serum samples were tested by a stan- 
dard indirect immunofluorescent method 
starting at 1:16 dilution. Goat anti-human 
IgG and anti-human IgM fluorescein 
isothiocyanate conjugates (Jackson Immu- 
noresearch Inc, Philadelphia, Pa) were 
added at their optimum dilutions. Stained 
slides were examined on an epifluorescent 
microscope (Leitz Wetzlar, West Germa- 
ny). 

Additional Immunologic Control Data (Suf- 
folk County Patients).—To test for the possi- 
bility of a nonspecific increase in serum im- 
munoglobulin levels, serum immunoelec- 
trophoresis was performed on all patients 
in group 1, and immunoglobulin concentra- 
tions were measured by laser nephelome- 
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Table 4.—Laboratory Findings 


Lyme 
Anti- Borreliosis 
Lyme CSF EMG 
Index TBV CB 
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No. Ab Ratio 
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* Ab indicates antibody, CB (proximal) conduction block; CSF, cerebrospinal fluid; TBV, tick-borne virus Ab 


ME m 41m/s Prot, 
0.53 g/L 


WBC, 7 X 10°/L 





titer; EMG, electromyogram; Impos, impossible; ME, median; NL normal; NS, nerve conduction study done, but 
evidence of CB not sought; Neurop, neuropathy; Pe, peroneal; Prot, protein; TI, tibial; UL, ulnar; and WBC, white 
blood cell count. The EMGs are typical of amyotropic lateral sclerosis, except as noted. 

+Drop in amplitude following proximal stimulation, but no dispersion of the compound muscle action potential. 


try. In addition, serologic testing for the 
presumably irrelevant agent, cytomegalo- 
virus, was performed, and isohemaggluti- 
nins were measured. Anti-cytomegalovirus 
antibody was assayed by a standard ELISA 
(Diamedix, Miami, Fla); values of 23 or less 
were considered negative. Isohemaggluti- 
nins were measured by serial dilution. 
Specimens that were positive at dilutions 
greater than or equal to 1:32 (A) and greater 
than or equal to 1:16 (B) were considered 
positive. For comparison, we also calculated 
the geometric means of the titers of pa- 
tients vs controls. 

Quantitative Motor Testing. —Of the 19 pa- 
tients in the prospectively studied group of 
Suffolk County patients, 5 were able to un- 
dergo serial quantitative assessment of mo- 
tor function. The following standardized 
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group of tests was performed in each (mod- 
ified slightly from Andres et al”). 

Timed Repetition.—(1) The amount of 
time required for the patient to repeat the 
sound “PA” 20 times was measured. The 
better of two trials was recorded. (2) The 
amount of time required for the patient to 
repeat the sound “PATA” 15 times was 
measured. The better of two trials was re- 
corded. 

Manual Dezxterity.—(1) The time re- 
quired for the patient to dial the number 
“764-7172” on a spring-loaded dial tele- 
phone was measured. The better of two tri- 
als was recorded. (2) Using a Purdue Peg- 
board, the patient was asked to insert 
appropriately as many pegs as possible in 
30 seconds. The better of two trials was re- 
corded. 


Grip Strength.—Grip strength was mea- 
sured using a Jamar Dynamometer (JA 
Preston Inc, Clifton, NJ). The better of two 
trials was recorded. 

Ambulation.—The time required to walk 
15 feet (with whatever assistive device was 
necessary) was recorded. 

Isometric Strength Evaluation.—Isomet- 
ric strength was assessed using a Cybex 
(Lake Ronkonkoma, NY) II Dynamometer. 
Dynamometer head tilt was set at 0 de- 
grees, speed at 0 degrees per second, and 
torque scale at 30 ft-lb. The patient was 
asked to perform two 3-second isometric 
contractions, with a 15-second rest between 
trials and a 1-minute rest between tests. 
Standardized positions (modified from the 
usual positions for the Cybex II Dynamo- 
meter because these patients were so weak) 
were used to test isolated function around 
each joint. Unilateral flexion and extension 
about the shoulder, elbow, hip, and knee 
and ankle dorsiflexion were measured. A 
normalized strength index was calculated 
for each patient in the following manner. 
For each of the nine movements measured, 
as well as for hand-grip dynamometry, fol- 
low-up scores were divided by the original 
value obtained, resulting in an index of 1.0 
if the strength of that muscle was un- 
changed. The 10 individual scores were then 
summed, and this number (by definition 
equal to 10 on the initial test) was used as 
a measure of change in strength. 

Neurophysiologic Data.—Nerve conduc- 
tion studies, late responses, and concentric 
needle electromyograms were performed in 
our laboratories on most patients, using 
standard techniques.’ All tests were per- 
formed in an electrically shielded room, 
with temperature maintained at approxi- 
mately 20°C, using a TECA (Pleasantville, 
NY) Mystro electromyographic apparatus. 
Skin temperature was maintained at or 
above 32°C, using a servocontrolled heating 
apparatus (DISA, Franklin Lakes, NJ). In 
most of the patients from Suffolk County, 
we sought evidence of demyelination in 
proximal motor nerve segments (looking 
for slowing to <60% of mean normal con- 
duction velocity, or a decrement in ampli- 
tude of >50%* with more proximal stimu- 
lation). 

Statistical Methods.—Data were com- 
pared using Fisher’s Exact Test (two- 
tailed), gr Student’s t test (two-tailed), as 
appropregte. Fisher’s Exact Test, odds ra- 
tios (OR, and confidence limits were cal- 
culated using the program True Epistat 
(Epistat Sima Services, 2nd edition, Rich- 
ardson, Tex). 


RESULTS 
Epidemiologic Observations 


Group 1.—As detailed in Table 1, 
group 1 consisted of 19 patients with 
MND (12 men and 7 women) living in 
Suffolk County with a mean age of 59.2 
years. None had typical histories of 
Lyme disease or significant periodon- 
tal disease (the latter can occasionally 
cause a false-positive result in assays 
for anti-B burgdorferi antibody). Nine 
patients (8 men and 1 woman) had se- 


Lyme Borreliosis—Halperin et al 589 


C] All Subjects 


W Males 
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% Seropositive 


1 2 
Suffolk County, Control 
New York 





Group 1 vs Group 2 (All), P = .0054 
Group 1 vs Group 3 (All), P = .0001 
Group 1 vs 5 (All), P = .0078 
Group 1 vs 2 (Male), P = .0006 
Group 1 vs 3 (Male), P = .00004 


3 4 5 
NMD Control Nassau County, Boston, 
New York Mass 


Fig 1.—Rates of anti-Borrelia burgdorferi seropositivity in (1) patients with amyotrophic lateral 
sclerosis (ALS) from Suffolk County, New York; (2) age, sex, and geographic matched controls; 
(3) patients with other neuromuscular diseases (NMD); (4) patients with ALS from Nassau County, 
New York, and (5) patients with ALS treated in Boston, Mass. 


rologic evidence of exposure to B burg- 
dorferi. 

Group 2.—This group consisted of 38 
controls. Mean age was nearly identi- 
cal to that of the patients, both for the 
group as a whole, and for men and 
women individually. Four controls (2 
men and 2 women) were seropositive 
for Lyme borreliosis, although none 
had a typical history. 

Group 3.—Thirty-seven subjects 
with other neurologic diseases with a 
prominent neuromuscular co ponent 
were included in this contr group. 
Mean age was 46.7 years; 21 Were men 
(mean age + SD, 50.1 + 16.5 years) 
and 16 were women (meaWage + SD, 
42.4 + 14.9 years). None had clinical 
histories typical of Lyme disease. The 
geographic distribution of their resi- 
dences was very similar to that of the 
patients in group 1. Only 1 subject (a 
29-year-old woman) was seropositive. 

Group 4.—Fourteen patients with 
MND living in Nassau County partic- 
ipated; their characteristics are in- 
cluded in Table 1. Three patients had 
evidence of anti-B burgdorferi anti- 
bodies, when measured in our labora- 
tory. 

Group 5.—Of the 19 patients with 
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MND followed in Boston who were 
studied (patients living in areas not 
thought to be endemic for Lyme dis- 
ease), only 1 (who lived in Boston) had 
evidence of anti-B burgdorferi anti- 
bodies. 

Patients with MND residing in Suf- 
folk County were significantly more 
likely to be seropositive for Lyme dis- 
ease than were controls (group 2) (9 of 
19 vs 4 of 38; P = .0053, Fisher’s Exact 
Test; OR, 7.65; 95% confidence limits, 
1.65 to 38.46) (Fig 1). This difference 
was almost entirely attributable to the 
high rate of seropositivity among the 
male patients (8 of 12 male patients vs 
2 of 24 controls; P = .0006, Fisher’s 
Exact Test; OR, 22.0; 95% confidence 
limits, 2.65 to 253.4). Even eliminating 
patient S10 (who was atypical, with 
what appeared to be primary lateral 
sclerosis), the differences were highly 
significant (for all patients, P = .011; 
for men only, P = .0013). Differences 
between female patients and controls 
were not significant. Among the 7 fe- 
male patients with MND residing in 
Suffolk County, 1 was seropositive. 
Two of 14 control women were sero- 
positive. Patients with MND were also 
far more likely to be seropositive for 


eee 


Lyme disease than were patients with 
other neuromuscular diseases (9 of 19 
vs 1 of 37; P = .00015, Fisher’s Exact 
Test; OR, 33.3; 95% confidence limits, 
3.48 to 174.4). This was true both for 
the entire group of patients, and 
among males (8 of 12 vs 0 of 21; 
P = .00004, Fisher’s Exact Test). 
Patients with MND residing in Suf- 
folk County were Xgnificantly more 
likely to have anti-B burgdorferi anti- 
bodies than were patients followed in 
Boston (9 of 19 vs 1 of 19; P = .0078, 
Fisher’s Exact Test; OR, 16.2; 95% 
confidence limits, 1.68 to 747.7). The 
difference in the rates of seropositivity 
between the two Long Island counties 
did not attain statistical significance (9 
of 19 vs 3 of 14; P = 12, Fisher’s Exact 
Test). , 


Clinical Observations — Patients 
Evaluated in Suffolk County 


In general, seropositive patients 
were quite similar to those who were 
seronegative. Neither the site of initial 
involvement (bulbar vs arms vs legs), 
nor the incidence of radicular pain (a 
prominent symptom in Lyme radicu- 
loneuritis) or of other sensory abnor- 
malities differed significantly between 
the two groups. Mean duration of MND 
was somewhat longer in the seroposi- 
tive group (27.2 + 50.9 months vs 
15.2 + 7.5 months, means + SDs) but 
this was largely attributable to the in- 
clusion of one seropositive patient 
with an unusually long course of dis- 
ease. Patient S10 had had a highly 
atypical illness lasting about 20 years, 
initially most consistent with primary 
lateral sclerosis. Excluding this pa- 
tient, the mean duration of disease 
(+SD) was 15.4 + 10.1 months in the 
seropositive group. 

Interestingly, two thirds of immu- 
noreactive patients, but only half of 
the immunonegative patients, began 
their illness with predominantly lower 
motor neuron findings (Tables 2 and 3). 
Although this difference did not attain 
statistical significance, it is interesting 
that virtually all of the seropositive 
patients had particularly prominent, 
early lower motor neuron dysfunction. 

Fourteen of 15 seropositive patients 
received antimicrobial therapy (ceftri- 
axone, 2 g/d intravenously for 14 
days). The 15th was hospitalized for 
other medical complications and had 
received numerous courses of a num- 
ber of antibiotics and, therefore, was 
not given a course specifically for Lyme 
disease. All 6 T-cell-positive patients 
were treated with ceftriaxone. None of 
the patients had typical Herxheimer’s 
reactions to the antibiotic therapy, al- 
though in 3 patients neurologic symp- 
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Motor Index 


toms appeared to worsen while receiv- 
ing antibiotics or shortly thereafter. 
These 3 patients all had prominent 
bulbar dysfunction at the time antibi- 
otic therapy was initiated. Two (pa- 
tients S1 and N4) died within 1 month 


of treatment and the third (patient S9) z 


required intubation within days of be- 
ginning ceftriaxone therapy. 

All patients have been followed clin- 
ically since treatment. Five patients 
were able to undergo quantitative mo- 
tor testing. One additional patient who 
did not undergo quantitative testing 
has clearly improved (see below); two 
patients who were tested quantita- 
tively (Fig 2) appeared to improve. One 
additional patient remained relatively 
static for 7 months of follow-up, the 
other 2 patients are probably declin- 
ing. Overall, five of the treated patients 
have died, four are intubated, three 
appear to have improved, duration of 
follow-up is too limited for two, and 
the remainder either have worsened or 
are so functionally limited that it is 
difficult to perceive a change. All who 
improved were treated early in the 
course of the disease, at a time when 
they had mild-to-moderate lower mo- 
tor neuron type dysfunction. All who 
deteriorated dramatically had much 
more advanced disease, with promi- 
nent difficulty swallowing and speak- 
ing prior to treatment. Three clinical 
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Months 
Fig 2.—Motor strength index for five patients studied serially, normalized to an initial index of 10. 


histories illustrate the spectrum that 
was seen. 


REPORT OF CASES 


Case S17.—This case was notable for 
rather striking improvement following an- 
tibiotic therapy. This man presented at age 
42 years with a 1-month history of right 
arm weakness. Neurologic examination was 
notable for mild (5—/5, Medical Research 
Council scale) deltoid weakness bilaterally, 
and weakness with visible atrophy of the 
right dorsal interosseous muscles (4+/5). 
No fasciculations were seen. There was a 
minimal decrease in vibratory sense in the 
great toes bilaterally. Reflexes were graded 
3+ throughout. Plantar reflexes were flexor 
on the left and equivocal on the right. Neu- 
rophysiologic testing demonstrated a lesion 
of the right ulnar nerve in the ulnar groove, 
otherwise normal sensory conductions, and 
widespread evidence of acute denervation 
in proximal and distal muscles of both the 
upper and lower extremities, with scattered 
fasciculations. One month after his initial 
evaluation, he was found to have positive 
serologic test results for Lyme disease, and 
was treated with ceftriaxone, 2 g/d intra- 
venously, for 14 days. Although the patient 
was unable to participate in the quantita- 
tive motor testing protocol, he was followed 
up clinically. His weakness initially pro- 
gressed, and, when evaluated 5 months af- 
ter antimicrobial therapy, right upper ex- 
tremity strength was rated 4/5 proximally 
and 3+/5 distally. In the right lower ex- 
tremity (which had been normal) iliopsoas, 
quadriceps, and foot dorsiflexion were all 


graded as 4—/5, while plantar flexion was 
graded as 5—/5. Examination 2 months 
later was unchanged except that the patient 
now required crutches. However, on exam- 
ination 11 months after antimicrobial ther- 
apy, the patient was able to walk unas- 
sisted, and all previously weak muscles of 
the right upper and lower extremities were 
rated 4+ to 5s-/5. Repeated neurophysio- 
logic testing demonstrated only very rare 
fibrillation potentials and occasional large 
amplitude polyphasic potentials. 

Case S1.—This case, like at least two 
others with severe bulbar dysfunction (S9 
and N4) worsened dramatically shortly af- 
ter antimicrobial therapy. This 61-year-old 
man presented with a 9-month history of 
progressive “hoarseness.” When evaluated, 
he was profoundly dysarthric, drooling con- 
stantly, and frequently aspirating, but had 
completely normal appendicular strength. 
Examination also demonstrated tongue 
atrophy with fasciculations, diffuse hyper- 
reflexia, and extensor plantar responses bi- 
laterally. Neurologic examination showed 
otherwise completely normal findings. Ra- 
diologic studies of the head and neck were 
unrevealing. An examination 6 months 
later demonstrated progressive weakness 
of the right upper extremity (graded 4— to 
4/5 throughout), considerable neck weak- 
ness, mild weakness of the right lower ex- 
tremity with a footdrop, and normal 
strength on the left side. At that time, he 
was found to be seropositive for Lyme bor- 
reliosis and was treated with intravenous 
ceftriaxone, 2 g/d, for 2 weeks. When seen 
1 week after completion of antimicrobial 
therapy, his limbs were subjectively 
weaker. The right upper extremity was 
graded 3/5 distally and 0 at the shoulder. 
Iliopsoas muscles were graded 3/5 bilater- 
ally. One month after completing antimi- 
crobial therapy, the patient succumbed to 
respiratory failure. 

Case $10.—This case was rather unusual. 
This 70-year-old man had initially pre- 
sented 21 years earlier with slowly progres- 
sive spasticity, initially affecting the legs 
and, subsequently, the arms. Repeated ex- 
tensive evaluations, including myelogra- 
phy, CSF examinations, evoked potentials, 
and computed tomographic scans, were 
completely normal or negative. He never 
exhibited neurologic symptoms or physical 
findingsgputside the motor system, and this 
patient (gre the diagnosis of primary 
lateral scYerosis. When examined as part of 
this study, he was found to have electro- 
physiologi®evidence of denervation but no 
abnormalities of sensory function. Al- 
though his profound spasticity and other 
medical problems have precluded quantita- 
tive motor testing, his condition has neither 
improved nor deteriorated perceptibly 
since being treated. 


LABORATORY RESULTS AND TESTING 
immunologic Observations 


Western blots confirmed the pres- 
ence of IgG reactivity to B burgdorferi 
in seropositive patients (Fig 3), com- 
parable with the responses seen in pa- 
tients with Lyme borreliosis; there 
was no consistent single band that was 
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Fig 3.— Western blots of paired serum (S) and cerebrospinal fluid (C) from each of nine patients 
with amyotrophic lateral sclerosis. Molecular weight markers (kilodaltons) are shown at left. 


positive in all patients. Cerebrospinal 
fluid was obtained in 18 patients with 
ALS from Suffolk County, 3 from Nas- 
sau County, and 3 from other areas; 
only 4 had evidence suggestive of spe- 
cific anti-B burgdorferi antibody syn- 
thesis in the CSF. One of these patients 
was seronegative and had such low 
concentrations of specific antibody in 
CSF and serum samples that this ratio 
may be misleading. The other 3 pa- 
tients all had profound bulbar dys- 
function at the time of evaluation. Of 
these 3 patients, 2 were seropositive at 
the time of the lumbar puncture. The 
other patient had been evaluated at 
an outside institution several.months 
previously, had been seroposifive, and 
was treated with antibioticsfThis pa- 
tient was now seronegative but was 
still T-cell positive. In patients, 
Western blots of CSF demonstrated 
lines identical to those seen in the pa- 
tient’s serum sample (Fig3). All CSF cul- 
tures for B burgdorferi were negative. 
Serologic tests for tick-borne vi- 
ruses were performed in 14 patients 
(Table 4). All were negative. With only 
one exception, serum immunoelectro- 
phoreses demonstrated no abnormali- 
ties in any of the patients with ALS. 
(One outside patient, 03, was found to 
have an IgM-« spike.) Serologic tests 
for syphilis were negative in all pa- 
tients. Patients and controls both had 
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high rates of seropositivity against 
cytomegalovirus (positive in 14 of 19 
patients with ALS tested and 16 of 21 
controls; 6 of 7 male patients and 9 of 
12 male controls). The mean titer 
among patients with ALS (110.8 + 
66.4, mean + SD; n = 19), was not sta- 
tistically significantly different from 
that of the controls (96.2 + 81.7, 
mean + SD; n=19). Isohemaggluti- 
nins were positive in 9 of 14 patients 
tested (3 of 5 females and 6 of 9 males), 
and 9 of 14 controls (6 of 11 females and 
3 of 3 males, differences not statisti- 
cally significant). The geometric mean 
titer was 17.4 among tested patients 
with ALS from Suffolk County, 
slightly less than the mean titer of 22.1 
among controls. 


Neurophysiologic Testing 


All patients tested had typical find- 
ings of MND with evidence of both 
acute and chronic denervation and fas- 
ciculations. None had significant oth- 
erwise-unexplained abnormalities of 
sensory conduction. In six immuno- 
reactive patients (three seropositive 
patients and three T-cell-positive pa- 
tients), we performed very proximal 
nerve stimulation, seeking evidence of 
conduction block (Table 4). In one pa- 
tient there was no evidence whatever 
of conduction block. In the remaining 
five patients there was a marked de- 





crease in response amplitude only fol- 
lowing stimulation of Erb’s point, but 
in none of these patients did the com- 
pound muscle action potential become 
dispersed. In one of the five patients 
(patient S8, a rather obese 78-year-old 
woman), conduction velocity in this 
very proximal segment was 28 m/s. In 
no other instance was there extreme 
slowing of conducti@n or evidence of 
conduction block elsewhere (either in 
these patients or in any others). Late 
responses were generally normal or 
minimally prolonged; in only four im- 
munoreactive patients were late re- 
sponses markedly delayed. Therefore, 
we doubt that the MND of these pa- 
tients was caused by a demyelinating 
proximal neuropathy (although this 
possibility cannot be completely ex- 
cluded). 


Quantitative Motor Testing 


In no patients did bulbar abnormal- 
ities improve following antibiotic 
treatment (as assessed by timed repe- 
tition of the sounds “PA” and 
“PATA”). Similarly, manual dexterity 
(timed dialing and Purdue Pegboard 
tests) and gait (timed 15-foot walk) did 
not improve in any of the patients 
tested. Muscle power appeared to im- 
prove in two patients, probably de- 
clined in two others, and did not 
change perceptibly in one other (Fig 2). 


COMMENT 


Lyme borreliosis has been reported 
to cause an ever-enlarging spectrum of 
neurologic syndromes. Two recent re- 
ports have suggested a possible asso- 
ciation between this treatable in- 
fectious disease and MND,>" an 
idiopathic, progressive, and fatal neu- 
rodegenerative disorder; a third!’ has 
disputed the observation. In the pa- 
tients included in our epidemiologic 
study (patients S1 through S19), the 
observed association appears to be 
both valid and highly statistically sig- 
nificant. The control population is well 
matched, and there does not appear to 
be a selection bias, since all patients 
were diagnosed as having MND and 
enrolled in the MDA clinics prior to the 
first report of a possible association 
between Lyme disease and MND. 

There are several possible trivial 
explanations for this apparent associ- 
ation, all of which seem unlikely. First, 
this observation could just reflect the 
high background rate of seropositivity 
in our hyperendemic area. However, 
we believe the controls to be valid not 
only because they appear to be well 
matched, but also because the sero- 
prevalence in the control group ap- 
proaches the highest rates noted in 
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systematic serosurveys of known hy- 
perendemic foci of Lyme borre- 
liosis2°2!—ie, even if every patient with 
MND lived in one of the areas where 
Lyme borreliosis is known to be ex- 
tremely prevalent, it is very unlikely 
the seroprevalence would approach 
the 47% rate we have observed. Sec- 
ond, we believe our assay for anti-B 
burgdorferi anfbodies itself to be 
sound. Our methodology has been well 
standardized, provides consistent re- 
sults, and most seropositive patients 
have been found to have appropriate 
bands on Western blot analysis. 
Since some patients with poor den- 
tition can be seropositive in assays for 
anti-B burgdorferi antibodies (pre- 
sumably due to cross-reactivity with 
antibodies against oral spirochetes) 
(unpublished observations), another 
possibility might be that our finding 
represents a false-positive result due 
to the presence of bad periodontal dis- 
ease in weak patients with poor oral 
hygiene. This seems rather unlikely 
for the following several reasons: (1) 
most of the seropositive patients with 
ALS were either edentulous or had 
reasonably good oral hygiene; (2) the 
frequency of seropositivity was much 
lower in patients with other equal- 
ly incapacitating neuromuscular dis- 
eases, equally likely to have poor den- 
tition; and (3) the frequency of sero- 
positivity varied by location of resi- 
dence, in a manner paralleling known 
Lyme borreliosis prevalence. 
Similarly, it seems unlikely that this 
seropositivity was due to cross-reac- 
tivity with another antigen expressed 
in degenerating nerve or muscle. Per- 
haps the strongest argument is the 
geographic distribution of Lyme se- 
ropositivity in the different groups 
studied. If the antibodies detected 
were due to a cross-reaction with an 
antigen present in degenerating nerve 
or muscle, the frequency of seroposi- 
tivity should have been constant in 
patients with ALS from Suffolk 
County, Nassau County, and Boston. 
Furthermore, the Western blot tests 
failed to demonstrate a uniform pat- 
tern in these patients, indicating that 
the antibodies causing the seropositiv- 
ity were not all reacting with a single 
cross-reacting epitope. Finally, pa- 
tients with other neurologic disorders 
associated with damage to nerve and 
muscle (including acute inflammatory 
polyneuropathy, post-polio myelitis 
syndrome, myasthenia gravis, and 
muscular dystrophy) did not demon- 
strate increased rates of seropositivity 
(even though they were comparable in 
terms of location of residence, age, sex, 
and level of physical activity). Only 
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one of these control patients was found 
to be seropositive, again a highly sig- 
nificant difference from patients with 
ALS. 

For similar reasons, it would appear 
unlikely that this immunoreactivity 
among patients with ALS was due toa 
more general, nonspecific expansion of 
antibodies. First, no such expansion 
has been described previously in pa- 
tients with MND.!!!22%° Second, this 
increased titer was only observed in 
patients living in endemic areas for 
Lyme disease. Third, serum protein 
electrophoreses and immunoglobulin 
quantitations showed normal findings 
in our patients. Fourth, other antibody 
titers (anticytomegalovirus and iso- 
hemagglutinins) were not abnormally 
elevated in this group. 

Yet another possibility is that the 
observed positive serologic findings 
are acting as a marker for exposure to 
another, as yet unidentified agent, 
with a similar mode of transmission 
and/or geographic distribution. Some 
neurotropic viruses are known to be 
tick-borne; simultaneous infections 
with B burgdorferi and tick-borne en- 
cephalitis virus have been reported.” 
This particular association is of some 
interest since the tick-borne encepha- 
litis flavivirus is transmitted by Ixodes 
ticks (the usual vector for B burgdor- 
feri), and there is an extensive al- 
though conflicting literature suggest- 
ing a possible link between these vi- 
ruses and ALS.” Interestingly, some of 
the patients described as developing 
an ALS-like illness in association with 
tick-borne encephalitis virus infection 
(in articles written before Lyme bor- 
reliosis was well recognized) had typ- 
ical erythema chronicum migrans,”” 
the cutaneous abnormality pathogno- 
monit of Lyme borreliosis. However, 
Powassan virus,” the North American 
counterpart to tick-borne encephalitis 
virus, has not been isolated from 
Ixodes dammini (the usual vector for B 
burgdorferi in the northeast United 
States) in nature, nor is it known if I 
damminiis able to transmit this agent. 
Moreover, Powassan virus infections 
are uncommon in North America; only 
19 cases have been reported from the 
United States and Canada. On the 
other hand, if the association between 
Borrelia infection and an MND-like 
illness is valid, these earlier reports 
may well be the earliest described ex- 
amples. However, none of our patients 
had evidence of antibodies to the tick- 
borne viruses for which we were able to 
test. 

Finally, we considered the possibil- 
ity that in these patients B burgdorferi 
infection might be triggering a type of 


motor chronic inflammatory demyeli- 
nating polyneuropathy.**** In those pa- 
tients in whom a sufficiently detailed 
neurophysiologic study was per- 
formed, we were not generally able to 
detect compelling neurophysiologic 
evidence of proximal motor nerve de- 
myelination. dn general, demyelinat- 
ing neuropathies have been very infre- 
quently described in association with 
B burgdorferi infection,” so we believe 
that it is unlikely that such a patho- 
physiologic process would explain our 
observations. 

On the other hand, the Lyme-sero- 
positive patients with MND did not 
seem to have typical Lyme disease. 
None had an appropriate history— 
none recalled tick bites, rashes sugges- 
tive of erythema chronicum migrans, 
or arthritis. This suggests that (1) they 
had clinically inapparent, untreated, 
but possibly active infections, perhaps 
for a long period of time; (2) their im- 
munoreactivity was against an anti- 
genically similar, but clinically differ- 
ent agent; or (3) their seropositivity 
was due to an asymptomatic and irrel- 
evant exposure. Evidence of an active 
central nervous system infection was 
minimal. Only one patient had signif- 
icant CSF pleocytosis. Cerebrospinal 
fluid cultures for B burgdorferi were 
negative in all patients in whom this 
was attempted. 

In contrast, of 14 patients in whom 
we were able to look for intrathecal 
synthesis of anti-B burgdorferi anti- 
body, 3 (patients S1, $24, and 03) 
appeared to have more specific anti- 
body in CSF samples than in serum 
samples. We think it likely that these 
3 patients did in fact have central ner- 
vous system B burgdorferi infection. 
Of note, all 3 patients with a positive 
CSF index had severe bulbar dysfunc- 
tion. The absence of intrathecal anti- 
body synthesis in all other patients 
weighs against the presence of an ac- 
tive central nervous system infection 
in then iowever, it would not exclude 
the possWility of a process affecting 
the peripheral nervous system. 

The mo difficuit observation to 
reconcile with our initial impression 
that Lyme seropositivity was irrele- 
vant to these patients’ neurologic dis- 
ease has been the apparent objective 
response of three patients to antimi- 
crobial therapy. Amyotrophic lateral 
sclerosis normally progresses inexo- 
rably**; to observe even a quantifiable 
plateau would be surprising. Even in 
these three patients, the improvement 
appeared limited to lower motor neu- 
ron function. Established bulbar dys- 
function has progressed in all patients 
who were treated—and in fact, may 
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have been accelerated in several. Since 
treatment of Lyme borreliosis and 
other spirochetal infections is fre- 
quently associated with a Herxhe- 
imer-type reaction,“! this accelera- 
tion, too, may be of some significance. 

The simplest explanation of these 
observations would be that B burgdor- 
feri infection may be associated with 
a motor polyneuropathy. It is well 
known that this infection can cause 
both a polyradiculoneuropathy and 
encephalomyelitis,” and the coinci- 
dence of these two syndromes might 
mimic MND. More important, since 
most of our seropositive patients had a 
predominantly lower motor neuron 
picture, it may be that most of this as- 
sociation could be explained by a mo- 
tor polyradiculoneuritis (presumably 
with wasting of the ventral roots). 

It seems unlikely to us that infection 
with B burgdorferi is a frequent cause 
of MND. Even in patients who are se- 
ropositive for exposure to this orga- 
nism, we believe this may often be co- 
incidental. However, there does ap- 
pear to be a discrete subset of patients 
with predominantly lower motor neu- 
ron-type involvement, living in hyper- 
endemic areas, who do appear to be 
significantly more likely to have im- 
munologic evidence of exposure to this 
agent than do controls. Some of these 
patients do appear to improve if 
treated with antimicrobials early in 
the course of their illness. Patients 
with more severe neurologic dysfunc- 
tion do not respond; those with severe 
bulbar dysfunction may actually be 
put in jeopardy by such treatment. In 
many of these patients, it is possible 
that this infection may play a role. We 
believe far more extensive clinical, im- 
munologic, and, above all, pathologic 
studies will be necessary before this 
issue can be completely resolved. 
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Observation 


Wilson’s Disease 


Development of Neurological Disease After 
Beginning Penicillamine Therapy 


Jonathan D. Glass, MD; Stephen G. Reich, MD; Mahlon R. DeLong, MD 


è Patients with neurological symptoms 
and signs of Wilson’s disease have been 
frequently noted to have a worsening of 
their condition after beginning chelation 
therapy with p-penicillamine. Presymp- 
tomatic patients, however, are not ex- 
pected to develop neurological manifes- 
tations once appropriate therapy is begun. 
We describe a patient who was seen with 
hepatic disease and no neurological symp- 
toms who became neurologically incapac- 
itated soon after beginning penicillamine 
therapy. This case identifies an unex- 
pected complication of penicillamine ther- 
apy that should be watched for in the pre- 
symptomatic patient who is beginning 
therapy. 

(Arch Neurol. 1990;47:595-596) 


The availability of laboratory tests to 
screen family members of patients 
with Wilson’s disease has given physi- 
cians the ability to treat presymptom- 
atic patients and virtually erase the 
morbidity and mortality of a previ- 
ously uniformly fatal disease. Al- 
though several authors have reported 
worsening of preexisting neurological 
abnormalities after beginning chela- 
tion therapy, to our knowledge there 
are no reports of neurologically 
asymptomatic patients developing 
persistent neurological symptoms and 
signs after beginning treatment. We 
describe a patient who had no neuro- 
logical symptoms at the time the diag- 
nosis of Wilson’s disease was made, 
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but who, after beginning penicillamine 
therapy, became neurologically symp- 
tomatic and ultimately significantly 
disabled. The mechanism for this phe- 
nomenon is not known, but its exist- 
ence should serve to caution physicians 
about a potential hazard of chelation 
therapy. 


REPORT OF A CASE 


A 28-year-old man developed severe right 
upper quadrant abdominal pain in August 
1986. He was seen by his internist who di- 
agnosed acute cholecystitis. There were no 
neurological complaints or findings on 
physical examination. He underwent a 
cholecystectomy on September 13, 1986. At 
surgery, in addition to cholelithiasis, irreg- 
ular scarring of the liver was found. A liver 
biopsy specimen revealed macronodular 
cirrhosis with copper storage. The copper 
contegt was not quantified. The patient did 
well postoperatively and was seen by his 
internist who made the diagnosis of 
Wilson’s disease. The plasma ceruloplas- 
min level was 60 mg/L (normal, 140 to 580 
mg/L) and a 24-hour urinary copper excre- 
tion rate was 28.1 umol/d (1785 ug/24 h) 
(normal, 0.2 to 0.9 umol/d[10 to 60 ug/24h)). 
Computed tomographic scan of the brain 
showed bilateral putamenal lucencies (Fig 
1). The patient was examined by an oph- 
thalmologist who noted bilateral Kayser- 
Fleischer rings. Again, no neurologic symp- 
toms or signs were noted. Treatment with 
p-penicillamine, 1.5 g/d, was begun in early 
October 1986. Several weeks later he devel- 
oped thick speech, difficulty swallowing 
food and saliva, and he could no longer sing. 
He also developed incoordination of his 
limbs, but had no tremor or other involun- 
tary movements. 

The major symptom was a change in per- 
sonality from a reasonable, quiet, and 
friendly man to an impulsive, loud, and oc- 
casionally violent individual. He was a col- 
lege graduate who was working as an ac- 


countant at the time his illness was noted, 
but was soon forced to quit his job because 
of his behavior. Over the following year he 
was unsuccessful in keeping several less- 
demanding jobs. During this period of time 
his penicillamine dose was varied between 
1 and 2 g/d without change. A repeated de- 
termination of the urinary copper excretion 
rate approximately 1 month after begin- 
ning penicillamine therapy was 37.7 umol/ 
L (2400 ug/24 h). 

The patient was first seen at The Johns 
Hopkins Hospital (Baltimore, Md) 1 year 
after beginning penicillamine therapy be- 
cause of progressive neurologic decline. On 
examination, he had an inappropriate smile 
(risus sardonicus) and disinhibited behav- 
ior with frequent, inappropriate laughing 
and overly familiar gestures. He had diffi- 
culty sitting still and continually engaged 
in repetitive motor acts such as rubbing his 
hands together, snapping his fingers, and 
pacing. He was severely dysarthric and had 
persistent drooling. There was dystonic 
posturing of his left hand and right foot, 
especially with walking. There was no 
tremor. Rapid alternating movements were 
performed slowly. Bilateral Kayser-Fleis- 
cher rind were present. His serum cerulo- 
plasmin lel was less than 20 mg/L (nor- 
mal, 180 to 450 ug/L) and the total serum 
copper levevas less than detectable. Uri- 
nary excretion of copper was 7.3 umol/d 
(466 wg /24h) (normal, 0.3 to 1.0 „mol/L [20 
to 65 ug/24h]). The computed tomographic 
scan was similar to his original sean (Fig 1), 
and magnetic resonance imaging (Fig 2) 
showed bilateral signal loss in the putamen 
and caudate, as previously described in 
Wilson’s disease.’ 

The patient was admitted to the hospital 
for neurological observation and 24-hour 
urinary copper monitoring. Repeated se- 
rum copper determinations confirmed that 
he was adequately decoppered and a percu- 
taneous liver biopsy specimen showed no 
copper storage. While hospitalized he was 
impulsive, verbally abusive, hypersexual, 
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Fig 1.—Pretreatment axial computed tomo- 
graphic scan showing bilateral, symmetrical 
cavitation of the putamen and moderate ven- 
triculomegaly. 


and displayed little insight. He was re- 
ferred to the psychiatry service for treat- 
ment of his behavior disorder. Pharm- 
acotherapy for impulse control with 
propranalol and carbamazepine was un- 
successful. A combination of lithium and 
behavior therapy was successful enough to 
allow him to leave the hospital, but he was 
readmitted after a short time due to recur- 
rent outbursts of inappropriate and violent 
behavior. Currently he is living in a struc- 
tured environment, away from his family, 
and is not receiving any psychotropic med- 
ication. He remains unemployed. 


COMMENT 


Penicillamine has been the main- 
stay of treatment for Wilson’s disease 
Since its introduction by Walshe in 
1956.° It replaced the only effective 
treatment at the time, 2,3-dimercap- 
topropanol (British anti-Lewisite). 
British anti-Lewisite, though a power- 
ful copper chelator, must be given by 
frequent, painful intramuscular injec- 
tions and its use is limited by pric side 
effects and tachyphylaxis.” Penicil- 
lamine is a relatively well tolerated 
oral medication that retain its ability 
to chelate copper indefinitely (For a 
review, see Brewer et al’). 

The ability of penicillamine to 
worsen preexisting neurologic mani- 
festations of Wilson’s disease was no- 
ticed shortly after the drug’s introduc- 
tion, and has been mentioned sporad- 
ically in the literature.” In these cases, 
neurologically symptomatic patients 
become transiently worse after initia- 
tion of therapy; most either return to 
baseline or begin to improve on con- 
tinued therapy. The article by Brewer 
et al’ served to consolidate this issue by 
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Fig 2.—Axial T2-weighted (TR, 3000; TE, 70) 
magnetic resonance imaging at the same level 
revealing the presence of paramagnetic ion in 
the caudate, globus pallidus, and putamen. 


describing 13 cases of neurologic wors- 
ening in a retrospective study of 25 
treated patients who responded to a 
survey. Six of these patients failed to 
return to their neurologic baseline. 

Although the treatment of presymp- 
tomatic patients with penicillamine 
has been the standard of care for more 
than 20 years, there is little mention in 
the literature of presymptomatic pa- 
tients becoming neurologically symp- 
tomatic after initiation of therapy. In 
the largest series of presymptomatic 
patients Sternleib,'° updating a previ- 
ous publication," described 2 out of 76 
asymptomatic patients who developed 
neurological symptoms while receiv- 
ing penicillamine treatment. One, 
treated “intermittently and with sub- 
optimal doses” developed tremor The 
other had psychiatric manifestations, 
but was receiving therapy “only irreg- 
ularly.” 

The patient described here, though 
neurologically asymptomatic, had 
Kayser-Fleischer rings and an abnor- 
mal computed tomographic scan at the 
time of initial diagnosis and treat- 
ment, suggesting a considerable accu- 
mulation of brain copper. These find- 
ings in neurologically asymptomatic 
patients have been reported pre- 
viously.'>! It is tempting to speculate 
that our patient was on the verge of 
developing symptoms, and became 
symptomatic when his copper balance 
was somehow altered by penicil- 
lamine. The mechanism for this effect 
is unclear, but is most likely the same 
as in symptomatic patients who show 
transient neurological worsening. One 
theory’ is that, by mobilizing hepatic 
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copper, there is a transient rise in 
blood and brain copper levels leading 
to further neurological damage. Un- 
fortunately, there is no published ex- 
perimental evidence to support this 
hypothesis. 

This case points out the need to 
closely monitor neurologically asymp- 
tomatic patients with Wilson’s disease 
when beginning c™lation therapy. 
Those with Kayser-Fleischer rings or 
evidence of central nervous system 
damage by computed tomography or 
magnetic resonance imaging should be 
treated with particular care. It has 
been suggested?“ that should neuro- 
logic symptoms worsen after begin- 
ning penicillamine therapy, the dose 
should be reduced and gradually in- 
creased over several weeks to months 
to the therapeutic level of 1 g/d. An- 
other approach’? could be to start all 
patients, symptomatic and presymp- 
tomatic, on low doses of penicillamine 
with gradual increments to the thera- 
peutic range in an effort to prevent any 
neurological decline that may ulti- 
mately prove to be irreversible. 
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CLASSIFIED 
INFORMATION 


Regular Classified 1Time 3 Times 

or more* 
Cost per word $ .95 $ .85 
Minimum 20 words. per issue 


*in order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
“New York" and “Salt Lake City.” Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 


used for replies, the words “Box , C/O 
AON” are to be counted as three words. 
Classified Display 1Time 3 Times 
Full page $520 $468 
Two-thirds page 445 400 
One-half page 393 353 
One-third page 312 281 
One-sixth page 208 187 
Column inch 45 40% 


Minimum display ad: one column inch 
12-time rate available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 


Box Service 


Available for all ads. The cost is $10.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


Nëürology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 
For assistance with your ad schedule call toll free: 


National 800-237-9851 
Florida 800-553-8288 O Local 813-443-7666 





Florida 34617. Our telephone numbers are: 
classified ads, payments or related correspondence to 


Inquiries about “BOX NUMBER" advertisements: All replies must be in writin 
Box _____, c/o AON, P.O. Box 1 
mail sent in care of Archives of Neurology. 













Professional Opportunities 


ee ee 
EXPANDING DYNAMIC neurology practice — 
BC/BE neurologist to join a busy, rapidly growing 
group neurology practice in Virginia suburbs of 
Washington, DC. Excellent opportunity for a com- 
passionate, personable, hard working person to join 
our comprehensive neurodiagnostic team. Subspe- 
cialty training, especially EEG, evoked potentials, 
EMG, or sleep disorders preferred. Teaching and 
faculty appointments available. Send CV to: D. 
Hope, Neurology Center of Fairfax, Ltd., 3020 
Hamaker Court, Fairfax, VA 22031. 


NEUROLOGIST 
BC/BE to fill unexpected vacancy in Boise, 
idaho. Candidate needs to be soundly trained, 
team-oriented and committed to quality care 
in an area emphasizing family life and an out- 
doors lifestyle. Practice is highly diverse. 
Epilepsy subspecialty, if interested. Suitable 
candidates please send CV to: 

Box #809, c/o AON 


NEUROLOGIST: Excellent opportunity for a board- 
certified/board-eligible neurologist to join two exist- 
ing neurologists in a stimulating, busy private prac- 
tice. Marquette General Hospital is a 306-bed 
regional referral center, with a comprehensive neu- 
rophysiology department and state-of-the-art tech- 
nology that includes magnetic resonance imaging 
and CT scanning, and a hospital-based family prac- 
tice residency. Medical students from Michigan 
State University's College of Human Medicine are 
regularly assigned to the hospital and offer an op- 
portunity for teaching. Marquette General Hospital 
and its medical staff are committed to building a 
center of excellence in the neurosciences and have 
the necessary financial resources. The development 
of these services will require the leadership and 
cooperation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. If this special opportunity is of inter- 
est to you, please forward your curriculum vitae to: 
Daniel Mazzuchi, MD, Director of Physician Serv- 
ices, Marquette General Hospital, Suite 122, Wallace 
Building, 420 West Magnetic Street, Marquette, MI 
49855. è 


NEUROLOGIST — Midwest Great Lakes communi- 
ty near Chicago. Position for a clinical neurologist, 
preferably with subspecialty training in either stroke, 
dementia or EEG to join another neurologist in an 
established private practice. Excellent growth 
potential. Early partnership. Outstanding opportu- 
nity. Box #804, c/o AON. 





poe ic lab Nat e oe 
CHARLOTTE, NORTH CAROLINA — High quality 


group of five neurologists, all of whom are subspe- 
cialized, seeks to add a highly capable, well-trained 
neuro-oncologist who likes people and has a special 
area of neurologic interest. Contact: Mike Kaufman, 
MD, 126 Cottage Place, Charlotte, NC 28207. Or 
call: (704) 334-7311. 


PHYSICIAN OPPORTUNITIES IN ARIZONA: Thomas- 
Davis Medical Centers, P.C., a rapidly expanding 
multi-specialty group practice of 110 plus physi- 
cians in Tucson, Green Valley, and Tempe, Arizona, 
has neurology positions available in Tucson. Excel- 
lent fringe benefits and profit sharing program. 
Guarantee for first two years, plus incentive. Early 
shareholder. Fee-for-service, as well as owned 
HMO. Must be board-eligible or -certified. Call or 
write: James J. Vitali, Chief Executive Officer, 
Thomas-Davis Medical Centers, P.C., P.O. Box 
12650, Tucson, AZ 85732. (602) 322-2525. 


PLEASE NOTE— Address replies to box number 
ads as follows: Box number, , c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 




















All classified advertising orders, correspondence and payments should be directed to: Archives of Neurology, P.O. Box 1510, Clearwater, 
National 800-237-9851: in Florida 800-553-8288; Local 813-443-7666. Please do not send 
the AMA headquarters in Chicago. This causes needless delay. 
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Professional Opportunities 


MIDWEST UNIVERSITY COMMUNITY — General 
neurology practice with opportunity to pursue sub- 
specialty interests. Extensive referral network 
already exists. Six figure income. Urban oriented 
community provides sophistication and culture. 
Contact in confidence: Stephanie Singer, (800) 
327-1585. 


—————————————— 


ORLANDO AREA: Board-certified neurologist for 
office practice and comprehensive examinations 
only. No hospital, ER or surgery. No night or week- 
end work. Please send CV and date of availability to: 
P.O. Box 1003, Goldenrod, FL 32733-1003. 
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SAN FRANCISCO — Outstanding opportunity for 
BC/BE neurologist at 260-bed primary care hospital 
in the growing South of Market area. Excellent op- 
portunity to build practice. Send CV to: Kenneth 
Barnes, MD, Chief of Medicine, c/o Walter Kopp, St. 
Luke's Hospital, 3555 Army Street, San Francisco, 
CA 94110. (415) 641-6543. 


$150,000 NET GUARANTEE 
SOUTHWESTERN COMMUNITY 
REGIONAL MEDICAL CENTER 


Our client, a 283-bed regional medical cen- 
ter, is seeking two BC/BE neurologists to join 
in close association with their existing 
neurosurgeon. 

The medical center will expedite the start- 
up time by providing all equipment, office 
space, personnel and other cost associated 
with the practice including an attractive finan- 
cial package. 

If you would like further information on this 
opportunity, please call: Michael Stakebake at 
(800) 776-5776. Or send a copy of your curric- 
ulum vitae to: 

CEJKA & COMPANY 
1034 South Brentwood Boulevard 
St. Louis, MO 63117 


















PROGRESSIVE NATIONALLY known and fully 
accredited group medical practice specializing in 
head pain disorders, psychophysiological and 
behavioral illness, and general neurology seeks an 
energetic, personable, highly communicative clini- 
cal neurologist (BC/BE) to join fellow neurologists, 
internists, P.A., PhD psychologists, and clinical staff 
nurses in private neurological center. In addition to 
its free-standing outpatient location, group admits 
to its own 16-bed inpatient service in private hospi- 
tal. Clinicaltresearch and teaching opportunities 
available. Exgellent living environment in highly 
regarded university community with superb recrea- 
tional, cultural and educational activities. Opportu- 
nities for advanement commensurate with motiva- 


tion, skill and achievement. CV to: Joel R. Saper, 
MD, F.A.C.P., Michigan Head-Pain & Neurological 
Institute, 3120 Professional Drive, Ann Arbor, MI 
48104. 













ADULT NEUROLOGIST: BC/BE to join well 
established neuroscience group in a rapid 
growing community of southern California. 
EEG, EMG and EP skills necessary. Competi- 
tive salary with excellent benefits. Please send 
CV to: Administrator 

Antelope Valley Neuroscience Medical Group 

44902 North 10th Street West 

Lancaster, CA 93534 è Or call: (805) 945-6931 


CHAIRMAN, Department of Neurology — Cleveland 
Clinic Foundation, an equal opportunity employer, 
is considering qualified candidates for the position 
of head of neurology in this large complex depart- 
ment. Reply with CV to: D. Roy Ferguson, MD, 
Cleveland Clinic Foundation, One Clinic Center, 
9500 Euclid Avenue, Cleveland, OH 44195. 
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= Professional Opportunities 
= esses 


NEUROLOGIST — Excellent Opportunity to join the 
staff of the largest and oldest private headache clinic 
in the U.S. In addition to the outpatient facility, a 
35-bed inpatient unit is located at a University of 
Chicago affiliate hospital. In addition to clinical 
practice, the staff actively participates in research 
and publishing. For further information, please con- 
tact: Seymour Diamond, MD, Director, Diamond 
Headache Clinic, 5252 North W&stern, Chicago, IL 
60625. (312) 878-5558. 

| Nase etait ds Seats S 
NEUROLOGIST — Multi-specialty group in 
Roanoke, Virginia, with two board-certified, fellow- 
ship trained neurologists seeks third BC/BE neurol- 
ogist. Fellowship training and/or 1-2 years practice 
experience desired. EMG and EEG experience 
desired. MR Scan, CT Scan, EEG, EMG, evoked 
potentials, ENG in place. Reply with CV to: Neurol- 
ogy, Lewis-Gale Clinic, Inc., 1802 Braeburn Drive. 
Salem, VA 24153. 


ILLINOIS 


A board-certified/board-eligible neurologist 
needed to join an eight member Neuroscience 
Division in a 200+ private, multi-specialty group 
associated with the University of Illinois Col- 
lege of Medicine; clinic and adjacent 288-bed 
hospital. Offer full neurologic-radiologic sup- 


port including CT and MR scans: subspecialty 
interest welcomed. Liberal fringe benefits and 
early partnership; malpractice coverage pro- 
vided. Write including CV, to: 
Robert C. Parker, Jr., MD 
Assistant to the Chief Executive Officer 


CARLE CLINIC ASSOCIATION 
Urbana, IL 61801 


NEUROLOGIST — Exceptional Opportunity on 
Florida Gulf Coast for aggressive individual with 
strong Clinical skills. Varied practice mix, including: 
office and hospital consults, eletromyography, nerve 
conduction studies, legal evaluations, depositions 
and court appearances as an expert witness. Com- 
plete support is provided, including: existing referral 
base, practice set-up, billing and collection service, 
marketing, diagnostic equipment and technologists. 
Unique partnership arrangement offers above aver- 
age earning potential with guaranteed minimum 
base. Reply: Box #806, c/o AON. 


ERASER CF ee Ee Se A 
IDAHO — Multi-specialty group of 26 physicians 
needs neurologist. $80,000 plus bonus first year. 
Full stockholder status thereafter. Many fringe 
benefits and excellent outdoor recreational activi- 
ties in this agricultural area 20 miles from the state 
capital. Office adjacent to 165-bed hospital. Con- 
tact: Michael Crane, 215 E. Hawaii, Nampa, ID 
83686. (208) 467-1121. 


CHILD NEUROLOGY — San Francisco Bay area. 
The Division of Neurology of Children’s Hospital of 
Oakland is seeking a pediatric neurologist with a 
commitment to patient care and teaching. Chil- 
dren's Hospital is a major regional Calg referral 





and diagnostic center for northern California with 
192 beds, 110 full-time faculty and a member 
competitive residency training program. Research 
opportunities are available with othgs divisions of 
pediatrics and the Children's Hospfal of Oakland 
Research Institute. Board-eligibility or -certification 
in neurology with special qualification in child neu- 
rology is required. Candidates with expertise in epi- 
lepsy, neonatal neurology, and/or neuro-oncology 
are desirable. Interested applicants should send 
their curriculum vitae to: Majeed Al-Mateen, MD, 
Division of Neurology, Children’s Hospital of Oak- 
land, 747 52nd Street, Oakland, CA 94609. 


CHARTER MEDICAL CORPORATION is seeking 
BC/BE neurologists in various locations throughout 
the U.S. Guaranteed salary/income plus incentives 
and benefits provided for group, associate or solo 
practices. Urban, suburban and rural locations. Call 
Donna Gabel at (800) 841-9403 for further informa- 
tion. Or send CV to: P.O. Box 209, Macon, GA 31298. 


AORN SPREE) Arh he PST EO 
NEUROLOGIST with EEG, EMG and evoked poten- 
tial experience for busy neurology office. Full-time 
position. Heavy Spanish, Oriental (Japanese, Chi- 
nese, Vietnamese and Korean) population. Los 
Angeles area. (213) 733-4891, 








Professional Opportunities 


MDResources, Inc. 


SOUTHERN COLORADO 
Exceptional practice and area. Opportunity to 
work with highly respected multi-specialty 
group. Practice to include: adult neurology, 
EEG, EMG, evoked potentials, CT and MRI. 
This vibrant community of 150,000 is located 
along the front range of the beautiful Rocky 
Mountains providing for a lifestyle second to 
none. Highly competitive first year income 
plus comprehensive benefits and relocation 
followed by partnership offering. For further 
details reply to: 

Gerry E. Myers, 7385 Galloway Road 

Miami, FL 33173 
Or call: (800) 327-1585 





ADULT NEUROLOGIST BC/BE — Quality oriented, 
well established, sophisticated hospital and office 
practice seeks fourth for July 1990 or later. Addi- 
tional neurophysiologic would be an asset. Send CV 
to: 2919 Swann Avenue, Suite 301, Tampa, FL 
33609. 


PRACTICE — CLINICAL NEUROLOGIST to join 


longstanding adult clinical practice in southern 
California. All diagnostic modalities available. Reply 
with CV to: Box #808, c/o AON. 


Nee a i ec Eis ee 
SOUTHEAST COAST — Pediatric neurologist 
needed for busy practice, currently with one pediat- 
ric and two adult neurologists with strong academic 
backgrounds. CT, EEG, EMG, and physical therapy 
available in office; consult practice in three hospi- 
tals. First year guarantee of $80,000 plus bonus, 
leading to full partnership after two years. Earnings 
potential, quality of life, availability of strong multi- 
specialty support are extraordinarily attractive. Reply 
to: Savannah Neurological Associates, P.C., P.O. 
Box 23059, Savannah, GA 31403. 


A OER SB a E ne TR Sn Da, 
WISCONSIN — Marshfield Clinic, a multi-specialty 
group practice with 350 physicians, is seeking 
BE/BC neurologists to join expanding regional cen- 
ters. Positions available in two locations: one in 
northwestern Wisconsin within 90 miles of Minne- 
apolis; and one, a group practice of 25 physicians, in 
north central Wisconsin approximately 1% hours 
from Lake Superior. Communities offer exceptional 
recreational, cultural, and educational opportuni- 
ties. An emphasis on quality practice and life-style is 
combined with a total compensation package on 
reaching membership, in excess of $180,000. Start- 
ing salary negotiable. No start-up expense. Send CV 
and references to: David L. Draves, Director Regional 
Development, Marshfield Clinic, 1000 North Oak 
Avenue, Marshfield, WI 54449. Or call collect at: 
(715) 387-5376. 





Neurologist 


With Expertise in Epilepsy and EEG 


The Department of Neurology at Long Island Jewish Medical Center is 
recruiting for a full time Neurologist with expertise in EEG and epilepsy. 
The Epilepsy Section includes ambulatory care and an active epilepsy 
surgery program. Soon to be opened will be a four-bed inpatient closed 
circuit ['V-cable telemetry unit. Responsibilities include clinical practice, 
clinical research and teaching. Special 
trials and neuropharmacology desirable. Candidates should be BC/BE in 


Neurology and EEG. 


Please send CV to: Neil Schaul, M.D., Director, EEG/EP and 
Epilepsy Section, Department of Neurology, Room 222, LIJMC, 


New Hyde Park, NY 11042. 


Long Island Jewish Medical Center 


Long Island Campus for the Albert Einstein College of Medicine 
Equal Opportunity Employer 
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Professional Opportunities 


NEUROLOGIST — BE/BC to join a neurologist ina 
growing multi-specialty group practice committed 
to quality care located in a beautiful section of cen- 
tral Pennsylvania which emphasizes the family- 
oriented lifestyle. Cultural and recreational oppor- 
tunities are within close proximity. Guaranteed 
salary, incentive program, and excellent benefit 
package. Send curriculum vitae to: Ron Fisher, 
Clinic Administrator, Geisinger Medical Group, 300 
Highland Avenue, Lewistown, PA 17044. An equal 
opportunity employer. 


ee ee eR: SAA AP Ra eee Pe eke fs 
NEUROLOGIST, BC/BE — Wanted to join estab- 
lished neurology group in expanding south eastern 
Pennsylvania practice. Excellent private practice 
Opportunity. Potential for partnership. Reply: Box 
#807, c/o AON. 


NEUROLOGIST 


BC/BE, full- or part-time, for expanding San 
Francisco Bay area. Private practice with 
emphasis on clinical occupational neurology 
and med-legal evaluations. Expertise in EMG. 
EEG and EP desired. Excellent reputation, 
referral base, facilities and support staff. 
Unqiue income opportunity. 
Submit CV and letter stating professional 
goals, and availability to: 

PERSONNEL 
2040 POLK STREET, BOX 337 
SAN FRANCISCO, CA 94109 



















Faculty Positions 


NEUROLOGIST — BC/BE. The Texas College of 
Osteopathic Medicine is recruiting an academically 
oriented neurologist with interest in clinical neurol- 
ogy, teaching and research. Faculty appointment 
provides competitive salary with excellent fringe 
benefits. Please send curriculum vitae and letter of 
inquiry to: William E. Mcintosh, DO, Associate Pro- 
fessor of Medicine/Neurology, Texas College of 
Osteopathic Medicine, 3516 Camp Bowie Boule- 
vard, Fort Worth, TX 76107. TCOM is an affirmative 
action/equal opportunity employer. 


a AE A SER LE PE AE Berd 
FACULTY POSITION available at the assistant pro- 
fessor level in the Department of Neurology at the 

iversity of Illinois at Chicago. The department 
seeks applicants with expertise in stroke, dementia, 
neuro-oncology, neuro-geriatrics, neuro-epidemi- 
ology, pain, or electromyography. Send letter of 
interest and curriculum vitae to: Daniel B. Hier, MD. 
Head, Department of Neurology, mc796, University 
of Illinois at Chicago, Box 6998, Chicago, IL 60680. 
UIC is an AA/EOE. 













expertise in antiepileptic drug 
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Neurologist 





BC/BE to join large 
multi-specialty 
group practice near 
Milwaukee, Wisconsin. 






Must have experience 
in EMG, EEG 
and evoked potential. 





Competitive salary and 
fringe benefits. 





Forward inquiries and 
CV to: 












Administrator 
P.O. Box 427 
Menomonee Falls 
WI 53051 









IMMEDIATE OPENING 
FOR A 


GENERAL 
IEUROLOGIST 


Private practice opportunity avail- 
able immediately in east Tennessee 
with a well established neurologic 
practice. 


Candidate should be BE/BC with 
competence in EEG, EMG and 
evoked potentials. Compensation 
individually negotiable. Excellent 
benefits also included. There is a 
wide variety of recreational facilities 
also available in the area. 





























Please submit CV to: 


EAST 
TENNESSEE 
NEUROLOGY 
CLINIC 


Suite 501 
Baptist Professional 
Building 
Knoxville, TN 37920 
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Faculty Positions 


PEDIATRIC NEUROLOGIST position available at 
Hennepin County Medical Center with the rank of 
assistant professor without tenure. HCMC is an 
academic medical center affiliated with the Univer- 
sity of Minnesota. The neurology department hasan 
opening for a BE/BC pediatric neurologist with 
primary interests in clinical and education activities, 
plus some clinical research. A special interest in 
pediatric head trauma, sleep disorders, or neuro- 
muscular diseases would be welcomed. Salary is 
appropriate to experience and expertise. Interested 
applicants please send a CV and three letters of 
recommendation to: M.G. Ettinger, MD, Chief of 
Neurology, Hennepin County Medical Center, 701 
Park Avenue South, Minneapolis, MN 55415 by 15 
March 1990. Hennepin County Medical Center and 
the University of Minnesota are equal opportunity 
employers and specifically invite and encourage 
applications from women and minorities. 
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COMPUTER APPLICATIONS in neurology. Aca- 
demic neurologist sought to head section dedicated 
to exploring computer applications including expert 
systems, decision analysis, computer modeling, 
and neural networks. Send resume to: Daniel B. 
Hier, MD, Head, Department of Neurology, mc796, 
University of Illinois at Chicago, Box 6998, Chicago, 
IL 60612. UIC is an AA/EOE. 


CHIEF, NEUROLOGY SERVICE — The VA West 
Side Medical Center is reviewing qualified candi- 
dates for Chief, Neurology Service. We are a 500- 
bed acute care tertiary referral facility in the West 
Side Medical Center complex of Chicago, adjacent 
to the University of Illinois at Chicago College of 
Medicine. We seek applicants of exceptional ability 
in clinical care, teaching, research and administra- 
tion. The WSVAMC inpatient Neurology Service 
consists of 20 beds with 388 admissions per year, 
active outpatient clinic with 4,370 visits per year, and 
8.0 residents in the combined integrated program 
with the University of Illinois at Chicago, every resi- 
dent rotating through the West Side Veterans Admin- 
istration Hospital. A competitive salary/benefit 
package is available. (EOE). Interested applicants 
should send curriculum vitae to the chairman of the 
search committee: Prakash Desai, MD, Chief, Psy- 
chiatry Service, West Side VA Medical Center, 820 
South Damen, Chicago, IL 60612. 
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MASSACHUSETTS GENERAL HOSPITAL — Harvard 
Medical School, Chief of the Neurology Service, 
Massachusetts General Hospital and Harvard Medi- 
cal School are seeking a Professor of Neurology to 
serve as the Dorn Professor of Neurology and Chief 
of the Neurology Service at the Massachusetts 
General Hospital. The successful candidate should 
be a distinguished clinician and investigator in the 
field of neurology whose credentials identify him/her 
as an established leader with recognized excellence 
as a physician/scientist, leader, and administrator 
capable of encompassing a set of responsibilities 
that extend to patient care, teaching and research. 
The Chief of Neurology must be skilled at organiz- 
ing and administrating a complex hospital depart- 
ment, including attracting and directing superior 
clinicians and investigators, fostering an active 
scientific research program, and possessing dem- 
onstrated ability to direct a training program for 
house staff, students and fellows. Please submit let- 
ter of interest with curriculum vitae to: John T. Potts, 
Jr.. MD, Chairman, Search Committee, Medical 
Services, Massachusetts General Hospital, Fruit 
Street, Boston, MA02114. HMS and MGH are affirm- 
ative action/equal opportunity employers. Women 
and minority candidates are encouraged to apply. 


PHYSICIAN having a strong academic interest in 


vestibular and/or ocular motor systems is sought at 
the assistant/associate professor level. A joint 
tenure appointment in the Department of Otology 
and Laryngology and the Department of Neurology, 
Harvard Medical School is envisioned. Activities 
include: seeing patients complaining of imbalance, 
interpretation of vestibular diagnostic tests, and 
vestibular/ocular motor research projects. Candi- 
date should demonstrate ability to generate grant 
funding. Please contact: Conrad Wall, III, PhD, 
Vestibular Lab; or Robert Levine, MD, Eaton 
Peabody Lab, Massachusetts Eye & Ear Infirmary, 
243 Charles Street, Boston, MA 02114. 
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Faculty Positions Pe 


THE DEPARTMENT OF NELIROLOGY, University 
of California, Davis is seeking a board-eligible/ 
-certified neurologist to fill a full-time faculty posi- 
tion. Applicants must hold a current California 
license, or be eligible for licensure in the state of 
California. Demonstrated competence in patient 
care and teaching of medical students and house- 
staff is desirable, ith demonstrated potential for 
administrating programs of clinical investigation. 
individuals with experience and interest in muscle 
disorders are encouraged to apply. Level of appoint- 
ment will be commensurate with credentials. Inter- 
ested candidates should send curriculum vitae, with 
names and addresses of three professional refer- 
ences to: Michael P. Remler, MD, Professor and Chair, 
Department of Neurology, University of California, 
Davis Medical Center, 2315 Stockton Boulevard, 
Room 5308, Sacramento, CA 95817. Applications 
will be accepted through August 31, 1990. The Uni- 
versity of California is an affirmative action/equal 
opportunity employer and encourages application 
from all qualified women and ethnic minorities. 
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FULL-TIME, TENURE-TRACK faculty opportuni- 
ties available in the Department of Neurology, 
Creighton University, for BC/BE pediatric neurolo- 
gist, EMG/neuromuscular specialist and cerebro- 
vascular disease specialist. The successful appli- 
cants will be provided laboratory space and support 
in a dynamic growing department, will take an active 
role in the Creighton-Nebraska neurology training 
program and will be afforded ample research and 
clinical collaborative opportunities for career 
advancement. Creighton is a well established uni- 
versity and medical center with expanding and 
diverse facilities, which include a new PET center. 
Omaha, with a metropolitan population of 600,000 in 
America’s heartland, offers an ideal location to raise 
a family, with excellent schools, low crime, and plen- 
tiful cultural and recreational diversions. Please 
send inquiries to: John M. Bertoni, MD, PhD, Pro- 
fessor and Chairman, Department of Neurology, 
601 North 30th Street, Suite 2342, Omaha, NE 68131. 
Equal opportunity employer. 
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Fellowships 
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TWO CEREBROVASCULAR Disease Fellowships 
are available, one or two years, beginning July 1, 
1990, in the Department of Neurology, Henry Ford 
Hospital. These fellowships offer comprehensive 
training programs in pathophysiology, diagnosis 
and management of cerebrovascular disorders, 
including migraine, within an NIH funded center for 
cerebrovascular disease research. A Javits Junior 
Clinical Investigator Fellowship is available to one 
competitive candidate. The department evaluates 
almost 600 patients with cerebrovascular disease 
yearly, has a stroke and migraine clinic, and a clini- 
cal/clinical research, four-bed acute stroke unit. 
Clinical and basic science research opportunities 
available in: in-vivo NMR spectroscopy of human 
and animal cerebral ischemia, 133-Xenon inhalation 
regional cer¥bral blood flow, non-invasive carotid 
dopplers, transcranial doppler, platelet function 
laboratory, HFg{ stroke center data bank, and exper- 
imental drug s®dies in stroke and migraine. Appli- 
cants should have completed an accredited neurology 
residency and be board-eligible/-certified. Salary 
commensurate with experience. Please send letter 
of inquiry to: K. M. A. Welch, MD, Chairman, or 
Steven R. Levine, MD, Director, Center for Stroke 
Research, Department of Neurology, Henry Ford 
Hospital, 2799 West Grand Boulevard, Detroit, MI 
48202-2689. Telephone: (313) 876-3396. 
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SPINAL CORD INJURY FELLOWSHIP — Fellow- 
ship in neurologic rehabilitation/spinal cord injury 
in Boston at Harvard Medical School affiliated SCI 
Center. Opportunities available for training in EMG 
and evoked potentials including transcranial mag- 
netic stimulation. Beginning July 1, 1990. Competi- 
tive salary. BC/BE required in neurology, PM&R, or 
other specialty. Research opportunity. An EEO 
employer. For information, please contact: Dr. Robert 
R. Young, Chief, SCI Service, Department of Vet- 
erans Affairs Medical Center, 1400 VFW Parkway, 
Boston, MA 02132. (617) 323-7700, Extension 5300. 
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MOVEMENT DISORDER FELLOWSHIP: Two-year 
clinical and laboratory postgraduate training is 
available for neurologists interested in Parkinson's 
disease and other movement disorders. Under 
direction of H.L. Klawans, C.G. Goetz, C.M. Tanner 
and C.L. Comella, Rush-Presbyterian-St. Luke's 
Medical Center. Contact: C.G. Goetz, 1725 West 
Harrison Street, Chicago, IL 60692. 


Fellowships 


STROKE — Intensive care fellowship position: 
Available July 1, 1990, a fellowship in stroke and 
intensive care neurology for one year with option 
to renew. Candidates should have completed a neu- 
rology residency and be board-eligible. The candi- 
date will participate in ongoing clinical stroke 
projects. Opportunities for experience in sleep neu- 
rology and pain management are also available. 
Interested parties contact: David C. Anderson, 
Department of Neurology, Hennepin County Medi- 
cal Center, 701 Park Avenue South, Minneapolis, 
MN 55415. (612) 347-2595. 
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CLINICAL NEUROSCIENCE RESEARCH (CNR) 
Postdoctoral Fellowships available for MDs/PhDs 


| (or MDs with a significant research record). The 


CNR Fellowships ($30,000-$35,000 per year) will be 
for periods up to three years and will allow the 
researcher to become fully competent in tech- 
niques, concepts, and practice of laboratory 
research that can be used to address the causes 
and treatment of neural or neuropsychiatric dis- 
eases. Trainees will select training settings which 
combine the expertise of two faculty advisors: one 
from the basic sciences, and one from a clinical 
research area. The CNUP training program's core 
neuroscience courses and seminars will be avail- 
able for those fellows requiring additional formal 
instruction. The fellows will be members of clinical 
departments and will be linked with the basic 
science postdoctoral program. Further details and 
application forms can be obtained from: Dr. Pamela 
Oestreicher, CNUP Executive Assistant, University 
of Pittsburgh, Center for Neuroscience, 337E Scaife 
Hall, Pittsburgh, PA 15261. (412) 648-1805. 
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HOLT Y KROCK CLINIC 


NEUROSURGEON 


BC/BE neurosurgeon to join 
established 95-physician multi- 
specialty clinic located in 
beautiful northwest Arkansas. 
Holt-Krock Clinic is the 33rd 
largest free-standing clinic in 
the nation serving a patient 
base of 400,000 in Arkansas 
and Oklahoma. 


We offer a relaxed, patierft- 
oriented practice setting and a 
guaranteed salary wit full 
partnership in two to two and a 
half years, plus excellent fringe 
benefits. 680-bed hospital and 
new rehabilitation hospital two 
blocks from main clinic. 


For details regarding this 
opportunity, send letter and 
V to: 


Mrs. Josephine Decker 
Associate Administrator 


HOLT-KROCK CLINIC 
$ 1500 Dodson Avenue 
Fort Smith, AR 72901 

(501) 782-2071 



































Fellowships 


ALSCHULER FELLOWSHIP in Clinical Neurology 
available in Department of Neurology of Michael 
Reese Hospital and Medical Center beginning July 
1, 1990. Fellowship provides training and research 
opportunities in neuroepidemiology, cerebrovascu- 
lar disease, drug trials, dementia, decision analysis, 
and expert systems under director of Drs. Daniel 
Hier and Philip Gorelick. Send inquiries to: Dr. 
Daniel Hier, Chairman, Department of Neurology, 
Michael Reese Hospital and Medical Center, Lake 
Shore Drive at 31st Street, Chicago, IL 60616. 


PLEASE NOTE— Address replies to box number 
ads as follows: Box number, , C/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 
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Residencies 


NEUROLOGY RESIDENCY. PGY2 position avail- 
able at University of Illinois at Chicago for July 1990. 
For information contact: Daniel B. Hier, MD. Head, 
Department of Neurology, University of Illinois, 912 
South Wood, Chicago, IL 60612. Telephone: (312) 
996-6496. 


NEUROLOGY RESIDENT — APG3 residency posi- 
tion beginning July 1, 1990 is available in the 
Department of Neurology, U iversity of lowa Hospi- 
tals and Clinics. Contact: RoRert L. Rodnitzky, MD, 
Department of Neurology, University of lowa, lowa 
City, IA 52242. Telephone: (319) 356-8754. The Uni- 
versity of lowa is an affirmative action/equal oppor- 
tunity employer. Women and minorities are encour- 
aged to apply. 
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Dilantin® KAPSEALS® (Extended Phenytoin Sodium Capsules, USP) 
Before prescribing, please see full prescribing information. A Brief Summary follows. 


INDICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand 
mal) and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
of seizures occurring during or following neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see 
Dosage and Administration and Clinical Pharmacology). 

CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 

WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
epilepticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
ation, or substitution of alternative antiepileptic medication arises, this should be done gradually. 
However, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
therapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
belonging to the hydantoin cfemical class. 

There have been a number of reports suggesting a relationship between phenytoin and the 
development of lymphadenopathy (local or generalized) including benign lymph node 
hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
involvement may occur with or without symptoms and signs resembling serum sickness, eg, 
fever, rash and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an extended period is indicated and 
every effort should be made to achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
decrease serum levels. 

In view of isolated reports associating phenytoin with exacerbation of porphyria, caution should 

be exercised in using this medication in patients suffering from this disease. 
Usage in Pregnancy: A number of reports suggests an association between the use of 
antiepileptic drugs by women with epilepsy and a higher incidence of birth defects in children born 
to these women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed antiepileptic 
drugs; less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 
than drug therapy in leading to birth defects. The great 
majority of mothers on antiepileptic medication deliver 
normal infants. It is important to note that antiepileptic drugs should not be discontinued in 
patients in whom the drug is administered to prevent major seizures, because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
cases where the severity and frequency of the seizure disorder are such that the removal of 
medication does not pose a serious threat to the patient, discontinuation of the drug may be 


$ considered prior to and during pregnancy, although it cannot be said with any confidence that 


x 


= 


even minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 

In addition to the reports of increased incidence of congenitg, malformation, such as cleft 
lip/palate and heart malformations, in children of women receiving phenytoin and other antiepileptic 
drugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
growth deficiency, microcephaly and mental deficiency in children born to mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose 
mothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 
because of altered phenytoin absorption or metabolism. Periodic measusement of serum 
phenytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 
guide to an appropriate adjustment of dosage. However, postpartum restoration of the original 
dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
or correct this defect and has been recommended to be given to the mother before delivery and 
to the neonate after birth. 

PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients 
with impaired liver function, elderly patients, or those who are gravely ill may show early signs 
of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to 
metabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 
of induction; it appears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 
resumed and alternative therapy should be considered. (See Adverse Reactions.) If the rash is 
of a milder type (measles-like or scarlatiniform), therapy may be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced 
phenytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 
(eg, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same 
patients. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 
reported. Phenytoin may also raise the serum glucose level in diabetic patients. 

Osteomalacia has been associated with phenytoin therapy and is considered to be due to 
phenytoin's interference with Vitamin D metabolism. 

Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. 
Appropriate diagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and 
absence (petit mal) seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusional states 


Dilantin Kapseals 


(extended phenytoin sodium capsules, USP) 


referred to as “delirium” “psychosis,” o “encephalopathy,” or rarely irreversible cerebellar 
dysfunction. Accordingly, at the first sign of dcute toxicity, plasma levels are recommended. Dose 
reduction of phenytoin therapy is indicated if plasma levels are excessive; if symptoms persist, 
termination is recommended. (See Warnings.) 

Information for Patients: Patients taking phenytoin should be advised of the importance of 
adhering strictly to the prescribed dosage regimen, and of informing the physician of any clinical 
condition in which it is not possible to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first 
seeking the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determination’$ may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels or 
which phenytoin may affect. Serum level determinations for phenytoin are especially helpful 
when possible drug interactions are suspected. The most commonly occurring drug interactions 
are listed below: 1. Drugs which may increase phenytoin serum levels include: acute alcohol 
intake, amiodarone, chloramphenicol, chlordiazepoxide, diazepam, dicumarol, disulfiram, 
estrogens, H»-antagonists, halothane, isoniazid, methylphenidate, phenothiazines, 
phenylbutazone, salicylates, succinimides, sulfonamides, tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium ions 
which interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid 
preparations containing calcium should be staggered in patients with low serum phenytoin levels 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, 
sodium valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic 
acid, and sodium valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in 
susceptible patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin 
include: corticosteroids, coumarin anticoagulants, 
digitoxin, doxycycline, estrogens, furosemide, oral 
contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin may 
cause decreased serum levels of protein-bound iodine 
(PBI). It may also produce lower than normal values for 
dexamethasone or metyrapone tests. Phenytoin may 
cause increased serum levels of glucose, alkaline phos- 
phatase, and gamma glutamyl transpeptidase (GGT). 
Carcinogenesis: See “Warnings” section for informa- 
tion on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women taking this drug because 
phenytoin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered 
with phenytoin therapy are referable to this system and are usually dose-related. These include 
nystagmus, ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, 
insomnia, transient nervousness, motor twitchings, and headaches have also been observed. There 
have also been rare reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor 
and asterixis, similar to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving 
long-term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
Integumentary System: Dermatological manifestations sometimes accompanied by fever have 
included scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) is the most 
common: other types of dermatitis are seen more rarely. Other more serious forms which may 
be fatal have included bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens- 
Johnson syndrome, and toxic epidermal necrolysis (see Precautions). 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been reported 
in association with administration of phenytoin. These have included thrombocytopenia, leuko- 
penia, granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow sup- 
pression. While macrocytosis and megaloblastic anemia have occurred, these conditions usually 
respond to folic acid therapy. Lymphadenopathy including benign lymph node hyperplasia, pseu- 
dolymphoma, lymphoma, and Hodgkin's Disease have been reported (see Warnings). 
Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis, and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, symptoms 
such as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemic 
lupus erythematosus, immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not knwn. The lethal dose in adults is estimated 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs are 
tremor, hyperreflexia, lethargy, slurred speech, nausea, vomiting. The patient may become 
comatose and hypotensive. Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where 
toxicity may occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 
mcg/mL, dysarthria and lethargy appear when the plasma concentration is over 40 mcg/mL, but 
as high a concentration as 50 mcg/mL has been reported without evidence of toxicity. As much 
as 25 times the therapeutic dose has been taken to result in a serum concentration over 100 
mcg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and 
appropriate supportive measures employed. Hemodialysis can be considered since phenytoin 
is not completely bound to plasma proteins. Total exchange transfusion has been used in the 
treatment of severe intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should be 
borne in mind. 

Caution — Federal law prohibits dispensing without prescription. 
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“Once in a blue moon” describes the phenomenon in which 
the moon appears as a brilliant blue Seen worldwide following 
the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5 um in 
diameter, form in abundance—an exceedingly rare event? 
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Hantin eren: phenytoin sodium capsules, USP) 100 mg 


For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at all—once Dilantin monotherapy 
is under way: 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 1g/mL),? often with 
once-daily therapy (Dilantin® Kapseals°), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 


of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 


Dilantin 
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BRIEF SUMMARY 
CLINICAL PHARMACOLOGY: 


The mechanisms accounting for selegiline's beneficial adjunctive action in the treatment of 
Parkinson's disease are not fully understood. Inhibition of monoamine oxidase, type B, activity 
is generally considered to be of primary importance; in addition, there is evidence that selegiline 
may act through other mechanisms to increase dopaminergic activity. 


INDICATIONS AND USAGE: 

ELDEPRYL is indicated as an adjunct in the management of Parkinsonian patients being treated 
with levodopa/carbidopa who exhibit deterioration in the quality of their response to this therapy. 
There is no evidence from controlled studies that selegiline has any beneficial effect in the 
absence of concurrent levodopa therapy. 

Evidence supporting this claim was obtained in randomized controlled clinical investigations 
that compared the effects of added selegiline or placebo in patients receiving levodopa/car- 
bidopa. Selegiline was significantly superior to placebo on all three principal outcome measures 
employed: change from baseline in daily levodopa/carbidopa dose, the amount of ‘off’ time, 
and patient self-rating of treatment success. Beneficial effects were also observed on other 
measures of treatment success (e.g., measures of reduced end of dose akinesia, decreased 
tremor and sialorrhea, improved speech and dressing ability and improved overall disability as 
assessed by walking and comparison to previous state). 


CONTRAINDICATIONS: 
ELDEPRYL is contraindicated in patients with a known hypersensitivity to this drug. 


Selegiline should not be used at po casee pear tangs Hl on E+ gpg (10 mg/day) 
non-selective s 

The selectivity of selegiline for MAO B may not be absolute even at the recommended 
daily dose of 10 mg a day and selectivity is further diminished with increasing daily doses. The 
precise dose at which selegiline becomes a non-selective inhibitor of all MAO is unknown, but 
may be in the range of 30 to 40 mg a day. 

Because of reports of fatal interactions, MAOIs are ordinarily contraindicated for use with 
meperidine (DEMEROL & other tradenames). This warning is often extended to other opioids. 
Because the mechanism of interaction between MAOIs and meperidine is unknown, it seems 
prudent, in general, to avoid this combination. 


PRECAUTIONS: 

General 

Some patients given selegiline may experience an exacerbation of levodopa associated side 
effects, presumably due to the increased amounts of dopamine reacting with super-sensitive 
post-synaptic receptors. These effects may often be mitigated by reducing the dose of levodopa/ 
carbidopa by approximately 10 to 30%. 

The decision to prescribe selegiline should take into consideration that the MAO system 
of enzymes is complex and incompletely understood and there is only a limited amount of 
carefully documented clinical experience with selegiline. Consequently, the full spectrum of 
possible responses to selegiline may not have been observed in pre-marketing evaluation of 
the drug. It is advisable, therefore, to observe patients closely for atypical responses. 


Information for Patients 
Patients should be advised of the possible need to reduce levodopa dosage after the initiation 
of ELDEPRYL therapy. 

Patients (or their families if the patient is incompetent) should be advised not to exceed 
the daily recommended dose of 10 mg. The risk of using higher daily doses of selegiline should 
be explained, and a brief description of the ‘cheese reaction’ provided. While hypertensive 
reactions with selegiline have not been reported, documented experience is limited. Con- 
sequently, it may be useful to inform patients (or their families) about the signs and symptoms 
associated with MAOI induced hypertensive reactions. In particular, patients should be urged 
to report, immediately, any severe headache or other atypical or unusual symptoms not previously 
experienced. 


Laboratory Tests 
No specific laboratory tests are deemed essential for the management of patients on ELDEPRYL 
Periodic routine evaluation of all patients, however, is appropriate. 


Drug Interactions 
No interactions attributed to the combined use of selegiline and other drugs have been reported. 
However, because the database of documented clinical experience is limited, the level of 
reassurance provided by this lack of adverse reporting is uncertain. (See WARNINGS and 
PRECAUTIONS.) 


Carcinogenesis, Mutagenesis, and Impairment of Fertility 

Studies have not been performed to date to evaluate the carcinogenic potential of selegiline 
hydrochloride. 

Pregnancy 

Pregnancy category C. Insufficient animal reproduction studies have been done with selegiline 
to conclude that selegiline poses no teratogenic risk. However, one rat study carried out at 
doses as much as 180 fold the recommended human dose revealed no evidence of a teratogenic 
effect. It is not known whether selegiline can cause fetal harm when administered to a pregnant 
woman or can affect reproduction capacity. Selegiline should be given to a pregnant woman 
only if clearly needed. 


Nursing Mothers 

It is not known whether selegiline hydrochloride is excreted in human milk. Because many 
drugs are excreted in human milk, consideration should be given to discontinuing the use of 
all but absolutely essential drug treatments in nursing women. 


Pediatric Use 
The effects of selegiline hydrochloride in children have not been evaluated. 


ADVERSE REACTIONS: 

Introduction 

The number of patients who received selegiline in prospectively monitored pre-marketing studies 
is limited. While other sources of information about the use of selegiline are available (e.g., 
literature reports, foreign post-marketing reports, etc.) they do not provide the kind of information 
necessary to estimate the incidence of adverse events. Thus, overall incidence figures for 
adverse reactions associated with the use of selegiline cannot be provided. Many of the adverse 
reactions seen have been also reported as symptoms of dopamine excess. 

Moreover, the importance and severity of various reactions reported often cannot be ascer- 
tained. One index of relative importance, however, is whether or not a reaction caused treatment 
discontinuation. In prospective pre-marketing studies, the following events led, in decreasing 
order of frequency, to discontinuation of treatment with selegiline: nausea, hallucinations, con- 
fusion, depression, loss of balance, insomnia, orthostatic hypotension, increased akinetic in- 
voluntary movements, agitation, arrhythmia, bradykinesia, chorea, delusions, hypertension, new 
or increased angina pectoris and syncope. Events reported only once as a cause of discontinu- 
ation are ankle edema, anxiety, burning lips/mouth, constipation, drowsiness/lethargy, dystonia, 
excess perspiration, increased freezing, gastrointestinal bleeding, hair loss, increased tremor, 
nervousness, weakness and weightloss. 

Experience with ELDEPRYL obtained in parallel, placebo controlled, randomized studies 
provides only a limited basis for estimates of adverse reaction rates. The following reactions 
that occurred with greater frequency among the 49 patients assigned to selegiline as compared 
to the 50 patients assigned to placebo in the only parallel, placebo controlled trial performed 
in patients with Parkinson's disease are shown in the following Table. None of these adverse 
reactions led to a discontinuation of treatment. 
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INCIDENCE OF TREATMENT-EMERGENT ADVERSE EXPERIENCES IN 
THE PLACEBO-CONTROLLED CLINICAL TRIAL 


Number of Patients Reporting Events 


selegiline placebo 
hydrochloride 
N=49 N=50 

Nausea 10 
Dizziness/Lightheaded/Fainting 
Abdominal Pain 
Confusion 
Hallucinations 
Dry mouth 
Vivid Dreams 
Dyskinesias. 
Headache 


The following events were reported once in either or both groups? 


Ache, generalized 
Anxiety/Tension 
Anemia 


Adverse Event 
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Hair Loss 
Insomnia 


Low back pain 
Malaise 
Palpitations 
Urinary Retention 
Weight Loss 
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In all prospectively monitored clinical investigations, enrolling approximately 920 patients, 
the following adverse events, classified by body system, were reported. 


CENTRAL NERVOUS SYSTEM: 
Motor/Coordination/Extrapyramidal: increased tremor, chorea, loss of balance, restlessness, 
blephorospasm, ceases bradykinesia, facial grimace, falling down, heavy leg, muscle twitch’, 
myoclonic jerks’, stiff neck, tardive dyskinesia, dystonic symptoms, dyskinesia, involuntary 
movements, freezing, festination, increased apraxia, muscle cramps 

Mental Status/Behavioral/Psychiatric: hallucinations, dizziness, confusion, anxiety, depres- 
sion, drowsiness, behavior/mood change, dreams/nightmares, tiredness, delusions, disorienta- 
tion, lightheadedness, impaired memory’, increased energy’, transient high*, hollow feeling, 
lethargy/malaise, apathy, overstimulation, vertigo, personality change, sleep disturbance, re- 
stiessness, weakness, transient irritability. 


Pain/Altered Sensation: headache, back pain, leg pain, tinnitus, migraine, supraorbital pain, 
throat burning, generalized ache, chills, numbness of toes/fingers, taste disturbance. 
AUTONOMIC NERVOUS SYSTEM: 
dry mouth, blurred vision, sexual dysfunction 
CARDIOVASCULAR: 
orthostatic hypotension, hypertension, arrhythmia, palpitations, new or increased angina pec- 
toris, hypotension, tachycardia, peripheral edema, sinus bradycardia, syncope. 
GASTROINTESTINAL: 
nausea/vomiting, constipation, weight loss, anorexia, poor appetite, dysphagia, diarrhea, 
heartburn, rectal bleeding, bruxism”. 

GENITOURINARY/GYNECOLOGIC/ENDOCRINE: 

slow urination, transient anorgasmia”, nocturia, prostatic hypertrophy, urinary hesitancy, urinary 
retention, decreased penile sensation’, urinary frequency. 

SKIN AND APPENDAGES: 

increased sweating, diaphoresis, facial hair, hair loss, hematoma, rash, photosensitivity. 
MISCELLANEOUS: 

asthma, diplopia, shortness of breath, speech affected. 


“indicates events reported only at doses greater than 10 mg/day. * 


OVERDOSAGE: 
Selegiline 
No specific information is available about clinically significant overdoses with ELDEPRYL. How- 
ever, experience gained during selegiline’s development reveals that some individuals exposed 
to doses of 600 mg d.l! selegiline suffered severe hypotension and psychomotor agitation. 
Since the selective inhibition of MAO B by selegiline hydrochloride is achieved only at 
doses in the range recommended for the treatment of Parkinson's disease (e.g., 10 mg/day), 
overdoses are likely to cause significant inhibition of both MAO A and MAO B. Consequently, 
the signs and symptoms of overdose may resemble those observed with marketed non-selective 
apes OL [e.g., tranyicypromine (PARNATE), isocarboxazide (MARPLAN), and phenelzene 
( IL)]. 


Overdose with Non-Selective MAO Inhibition 
NOTE: This section is provided for reference; it does not describe events that have actually 
been observed with selegiline in overdose. 

Characteristically, signs and symptoms of non-selective MAO! overdose may not appear 
immediately. Delays of up to 12 hours between ingestion of drug and the appearance of signs 
may occur. Importantly, the peak intensity of the syndrome may not be reached for upwards of 
a day following the overdose. Death has been reported following overdosage. Therefore, im- 
mediate hospitalization, with continuous patient observation and monitoring for a period of at 
least two days following the ingestion of such drugs in overdose is strongly recommended. 

The clinical picture of MAOI overdose varies considerably; its severity may be a function 
of the amount of drug consumed. The central nervous and cardiovascular systems are promi- 
nently involved. 

Signs and symptoms of overdosage may include, alone or in combination, any of the 
following: drowsiness, dizziness, faintness, irritability, hyperactivity, agitation, severe headache, 
hallucinations, trismus, opisthotonus, convulsions, and coma; rapid and irregular pulse, hyper- 
tension, hypotension and vascular collapse; precordial pain, respiratory depression and failure, 
hyperpyrexia, diaphoresis, and cool, clammy skin. 

Treatment Suggestions for Overdose 

NOTE: Because there is no recorded experience with selegiline overdose, the following sugges- 
tions are offered based upon the assumption that ype ane es overdose may be modeled by 
non-selective MAOI poisoning. In any case, up-to-date information about the treatment of over- 
dose can often be obtained from a certified Regional Poison Control Center. Telephone numbers 
of certified Poison Control Centers are listed in the Physician's Desk Reference (PDR). 

Treatment of overdose with non-selective MAOIs is symptomatic and supportive. Induction 
of emesis or gastric lavage with instillation of charcoal slurry may be helpful in early poisoning, 
provided the airway has been protected against aspiration. Signs and symptoms of central 
nervous system stimulation, including convulsions, should be treated with diazepam, given 
slowly intravenously. Phenothiazine derivatives and central nervous system stimulants should 
be avoided. Hypotension and vascular collapse should be treated with intravenous fluids and, 
if necessary, blood pressure titration with an intravenous infusion of a dilute pressor agent. It 
should be noted that adrenergic agents may produce a markedly increased pressor response. 

Respiration should be supported by appropriate measures, including management of the 
are use of supplemental oxygen, and mechanical ventilatory assistance, as required. 

ody temperature should be monitored closely, Intensive management of hyperpyrexia 
may be required. Maintenance of fluid and electrolyte balance is essential. 


DOSAGE AND ADMINISTRATION: 

ELDEPRYL is intended for administration to Parkinsonian patients receiving levodopa/carbidopa 
therapy who demonstrate a deteriorating response to this treatment. The recommended regimen 
for the administration of ELDEPRYL is 10 mg per day administered as divided doses of 5 mg 
each taken at breakfast and lunch. There is no evidence that additional benefit will be obtained 
from the administration of de pe doses. Moreover, higher doses should ordinarily be avoided 
because of the increased risk of side effects. 

After two to three days of selegiline treatment, an attempt may be made to reduce the 
dose of levodopa/carbidopa. A reduction of 10 to 30% was achieved with the typical participant 
in the domestic placebo controlled trials who was assigned to selegiline treatment. Further 
reductions of levodopa/carbidopa may be possible during continued selegiline therapy. 
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Illustrations.—The illustrations originally submitted will not be 
returned. High-quality copies may be used. Original illustrations 
should be kept by the author for submission if the manuscript is 
accepted. Use only those illustrations that clarify and augment 
the text. If accepted, submit illustrations in triplicate, unmounted 
and untrimmed. Do not send original artwork. Send high-contrast 
glossy prints (not photocopies). Figure number, name of senior 
author, and arrow indicating “top” should be typed on a gummed 
label and affixed to the back of each illustration. All lettering 
must be legible after reduction to column size. Artwork submitted 
for publication may be relettered to achieve uniformity of letter- 
ing style throughout the journal. Magnification and stain should 
be provided when pertinent. Illustrations should preferably be in 
a proportion of 12.7 X 7.3 em (5 X 7 in). 

An experienced medical illustrator should be employed whenev- 
er possible for the preparation of all artwork. Template lettering 
or preset type is preferred to hand-lettered labels. If halftone 
artwork with labels is submitted, affix type and leaders to a clear 
acetate overlay registered to the base drawing. Labels and leaders 
should be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. The ARCHIVES will pay part of the expense of repro- 
duction and printing color illustrations, the remainder to be borne 
by the author or his sponsor. After deducting the ARCHIVES’ 
contribution, the author’s share is $400 for up to six square- 
finished illustrations that can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed to the 
author at cost. Positive color transparencies (35 mm preferred) 
must be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All transparencies 
should be carefully packed and sent with the manuscript. 

Legends.— Legends should be typed double-spaced, beginning on 
a separate sheet of paper. Length should be limited to a maximum 
of 40 words. 

Photographic Consents.—A letter of consent must accompany all 
photographs of patients in which a possibility of identification 
exists. It is not sufficient to cover the eyes to mask identity. 

Acknowledgments.—lI|lustrations from other publications must 
be acknowledged. Include the following when applicable: 
author(s), title of article, title of journal or book, volume number, 
page(s), month, and year. The publisher’s permission to reprint 
should be submitted to the ARCHIVES after the manuscript has 
been formally accepted. 

Statistical Review.—Manuscripts containing statistical evalua- 
tions should include the name and affiliation of the statistical 
reviewer. 

Tables.—Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 X 27.9-cm (8% X 11-in) 
paper. Do not use larger size paper. If a table must be continued, 
use a second sheet and repeat all heads and stubs. Each table must 
have a title. 

Financial Disclosure.—In the cover letter, list all affiliations with, 
or financial involvement in, organizations or entities with a 
direct financial interest in the subject matter or material of the 
research discussed in the manuscript (eg, employment consultan- 
cies, stock ownership). All such information will be held in 
confidence during the review process. Should the manuscript be 
accepted, the Chief Editor will discuss with the author the extent 
of disclosures appropriate for publication. 

AMA Manual of Style.—This 1988 edition, formerly the Manual 
for Authors & Editors, is available from Williams & Wilkins, 428 E 
Preston St, Baltimore, MD 21202. Single copy price: $26.95. A ship- 
ping charge is added on all orders not prepaid. If additional order- 
ing information is needed, or to order by telephone, call 1-800-638- 
0672. 

Proprietary Statement.—If the article discusses in any way a 
device, equipment, instrument, or drug, the author(s) must state 
in a footnote whether they do or do not have any commercial or 


_proprietary interest in the product. Likewise, they must reveal 


whether they have any financial interest as a consultant, review- 
er, or evaluator. In addition, authors must disclose any financial 
interest owned by a spouse, minor child, blood-relative living in 
the same household, or known to be held by the author’s employer 


. Or partner. 
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Transderm Scop" 


scopolamine 
(formerly Transderm-V) 


Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg of 
scopolamine over 3 days 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
Transderm Scop is indicated for prevention of nausea and 
vomiting associated with motion sickness in adults. The disc 
should be applied only to skin in the postauricular area. 
Clinical Results: Transderm Scōp provides antiemetic pro- 
tection within several hours following application of the disc 
behind the ear. In 195 adult subjects of different racial origins 
who participated in clinical efficacy studies at sea or ina 
controlled motion environment, there was a 75% reduction in 
the incidence of motion-induced nausea and vomiting. 
Transderm Scop provided significantly greater protection than 
that obtained with oral dimenhydrinate. 


CONTRAINDICATIONS 

Transderm Scop should not be used in patients with known 
hypersensitivity to scopolamine or any of the components of 
the adhesive matrix making up the therapeutic system, or in 
patients with glaucoma. 


WARNINGS 
Transderm Scop should not be used in children and should be 
used with special caution in the elderly. See PRECAUTIONS. 
Since drowsiness, disorientation, and confusion may occur 
with the use of scopolamine, patients should be warned of the 
possibility and cautioned against engaging in activities that 
require mental alertness, such as driving a motor vehicle or 
operating dangerous machinery. 
Potentially alarming idiosyncratic reactions may occur with 
ordinary therapeutic doses of scopolamine. 


PRECAUTIONS 

General 

Scopolamine should be used with caution in patients with 
pyloric obstruction, or urinary bladder neck obstruction. 
Caution should be exercised when administering an antiemetic 
or antimuscarinic drug to patients suspected of having 
intestinal obstruction. 

Transderm Scép should be used with special caution in the 
elderly or in individuals with impaired metabolic, liver, or kidney 
functions, because of the increased likelihood of CNS effects. 
Information for Patients 
Since scopolamine can cause temporary dilation of the pupils 
and blurred vision if it comes in contact with the eyes, patients 
should be strongly advised to wash their hands thoroughly with 
soap and water immediately after handling the disc. 

Patients should be advised to remove the disc immediately 
and contact a physician in the unlikely event that they experi- 
ence symptoms of acute narrow-angle glaucoma (pain in and 
reddening of the eyes accompanied by dilated pupils). 

Patients should be warned against driving a motor vehicle or 


operating dangerous machinery. A patient brochure is available. 


Drug Interactions 

Scopolamine should be used with care in patients taking 
drugs, including alcohol, capable of causing CNS effects. Spe- 
cial attention should be given to drugs having anticholinergic 
properties, e.g., belladonna alkaloids, antihistamines (including 
meclizine), and antidepressants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term studies in animals have been performed to 
evaluate carcinogenic potential. Fertility studies were per- 
formed in female rats and revealed no evidence of impaired 
fertility or harm to the fetus due to scopolamine hydrobromide 
administered by daily subcutaneous injection. In the highest- 
dose group (plasma level approximately 500 times the level 
achieved in humans using a transdermal system), reduced 
maternal body weights were observed. 

Pregnancy Category C 

Teratogenic studies were performed in pregnant rats and 
rabbits with scopolamine hydrobromide administered by daily 
intravenous injection. No adverse effects were recorded in the 
rats. In the rabbits, the highest dose (plasma level approxi- 
mately 100 times the level achieved in humans using a 
transdermal system) of drug administered had a marginal 
embryotoxic effect. Transderm Scōp should be used during 
pregnancy only if the anticipated benefit justifies the potential 
risk to the fetus. 

Nursing Mothers 

It is not known whether scopolamine is excreted in human milk. 
Because many drugs are excreted in human milk, caution 
should be exercised when Transderm Scop is administered to 
a nursing woman. 

Pediatric Use 

Children are particularly susceptible to the side effects of 
belladonna alkaloids. Transderm Scōp should not be used in 
children because it is not known whether this system will 
release an amount of scopolamine that could produce serious 
adverse effects in children. 


ADVERSE REACTIONS 

The most frequent adverse reaction to Transderm Scōp is 
dryness of the mouth. This occurs in about two thirds of the 
people. A less frequent adverse reaction is drowsiness, which 
occurs in less than one sixth of the people. Transient impairment 
of eye accommodation, including blurred vision and dilation of 
the pupils, is also observed. 

The following adverse reactions have also been reported on 
infrequent occasions during the use of Transderm Scop: 
disorientation; memory disturbances; dizziness; restlessness; 
hallucinations; confusion; difficulty urinating; rashes and 
erythema; acute narrow-angle glaucoma; and dry, itchy, or red 
eyes. 

Drug Withdrawal: Symptoms including dizziness, nausea, 
vomiting, headache and disturbances of equilibrium have been 
reported in a few patients following discontinuation of the use 
of the Transderm Scdp system. These symptoms have 
occurred most often in patients who have used the systems for 
more than three days. 


OVERDOSAGE 

Overdosage with scopolamine may cause disorientation, 
memory disturbances, dizziness, restlessness, hallucinations, 
or confusion. Should these symptoms occur, the Transderm 
Scop disc should be immediately removed. Appropriate 
parasympathomimetic therapy should be initiated if these 
symptoms are severe. 


DOSAGE AND ADMINISTRATION 

Initiation of Therapy: One Transderm Scōp disc (programmed 
to deliver 0.5 mg of scopolamine over 3 days) should be 
applied to the hairless area behind one ear at least 4 hours 
before the antiemetic effect is required. Only one disc should 
be worn at any time. 

Handling: After the disc is applied on dry skin behind the 
ear, the hands should be washed thoroughly with soap and 
water and dried. Upon removal of the disc, it should be 
discarded, and the hands and application site washed thor- 
oughly with soap and water and dried, to prevent any traces of 
scopolamine from coming into direct contact with the eyes. (A 
patient brochure is available.) 

Continuation of Therapy: Should the disc become displaced, 
it should be discarded, and a fresh one placed on the hairless 
area behind the other ear. If therapy is required for longer than 
3 days, the first disc should be discarded, and a fresh one 
placed on the hairless area behind the other ear. 


The system should be stored between 59°-86°F (15°-30°C). 


CAUTION 
Federal law prohibits dispensing without prescription. 


Dist. by: 

CIBA Consumer Pharmaceuticals 
Div. of CIBA-GEIGY Corp. 
Summit, NJ 07901 


C88-5 (Rev, 2/88) 
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of mild motion sickness in a laboratory setting in which 
Transderm Scop* demonstrated a significantly greater 
reduction in the incidence of nausea and vomiting than 25 
mg meclizine (P = 0.01) and placebo (P = 0.003). 
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that demonstrated a 75% mean reduction in the incidence 
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(P>0.05). 
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A CASE FOR Magnevist 


(gadopentetate 


dimeglumine 46901 Mg/mL) 


INJECTION 


DISC VS SCAR 


INFORMATION FROM CT 





Axial scan without contrast. 
Postlaminectomy changes 
and abnormal soft tissue 
are seen to the right of 
midline (arrow). Differentia- 
tion between disc and scar 
not possible. 


INFORMATION FROM MRI 


BEFORE MAGNEVIST’ INJECTION 


Axial T1-weighted 
MRI scan 
pre-MAGNEVIST® 
injection 

(TR 600, TE 30) shows 
abnormal soft tissue | 
obscuring the S4 
nerve root (arrow). 
Findings indicate 
either recurrent 
herniated disc or 
postoperative scar. 


Sagittal T1-weighted 
MRI scan 
pre-MAGNEVIST® 
injection (TR 600, 

TE 30), taken to right 
of midline, shows 
abnormal soft tissue 
(arrow). Findings 
indicate either 
recurrent herniated 
disc or post- 
operative scar. 


1990, 
Berlex Laboratories, Inc. 
All rights reserved 





AFTER MAGNEVIST® INJECTION 


Axial T1-weighted 
MRI scan 
post-MAGNEVIST® 
injection (TR 600, 
TE 30) clearly shows 4 
the presence of Fi, 
scar tissue (arrow), 





Sagittal T1-weighted 
MRI scan 
post-MAGNEVIST® 
injection (TR 600, 

TE 30) shows 
homogeneously 
enhancing epidural 
soft tissue ventral 
and dorsal to the 
distal thecal sac 
(arrow) and no 
evidence of disc 
reherniation. 
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Well tolerated? in clinical trials, the most common adverse reactions reported were headache (8.7%) 
and injection-site coldness/localized coldness (4.8%). The majority of headaches were transient and of mild to 
moderate severity. In clinical trials, 15% to 30% of patients experienced an asymptomatic transient rise in 
serum iron; hypotension occurred in less than 1% of the patients. The safety of MAGNEVIST® injection in patients 


with hemolytic disorders has not been studied. 


REFERENCES: 14. Hueftle MG, Modic MT, Ross JS, et al, Lumbar spine: postoperative MR imaging with Gd-DIPA. Radiology. 1988;167:817-824. 2. Data on file, Berlex Laboratories, Inc. 





BRIEF SUMMARY 


INDICATIONS AND USAGE 


MAGNEVIST® Injection is indicated for use with magnetic resonance imaging (MRI) in adults 
and children (2 years of age and older) to provide contrast enhancement in those intra- 
cranial lesions with abnormal vascularity or those thought to cause an abnormality in the 
blood-brain barrier. MAGNEVIST® Injection has been shown to facilitate visualization of 
intracranial lesions including but not limited to tumors. 


MAGNEVIST® Injection is also indicated for use with MRI in adults and children (2 years of 
age and older) to provide contrast enhancement and facilitate visualization of lesions in 
the spine and associated tissues. There is, however, only limited clinical experience in 
children for this indication. 


CONTRAINDICATIONS 
None known. 


WARNINGS 


The accepted safety considerations and procedures that are required for magnetic 
resonance maging are applicable when MAGNEVIST® Injection is used for contrast 
enhancement. In addition, reg | pl lg sickle erythrocytes have been shown in in vitro 
studies to align perpendicular to a magnetic field which may result in vaso-occlusive 
complications in vivo. The enhancement of magnetic moment by ga openga dimeglu- 
mine may possibly potentiate sickle erythrocyte alignment. MAGNEVIST® Injection in 
patients with sickle cell anemia and other hemoglobinopathies has not been studied. 


Patients with other hemolytic anemias have not been adequately evaluated following 
administration of MAGNEVIST® Injection to exclude the possibility of increased hemolysis. 
Hypotension may occur in some patients after injection of 
MAGNEVIST® Injection. In clinical trials two cases were reported 
and in addition, there was one case of a vasovagal reaction and 
two cases of pallor with dizziness, sweating and nausea in one 
and substernal pain and flushing in the other. These were reported 
within 25 to 85 minutes after injection except for the vasovagal 
reaction which was described as mild by the patient and occurred 
after 6-1/2 hours. In a study in normal volunteers one subject 
experienced syncope after arising from a sitting position two hours 
after administration of the drug. Although the relationship of 
gadopentetate dimegliumine to these events is uncertain, patients 
should be observed for several hours after drug administration. 


PRECAUTIONS - General 


Diagnostic procedures that involve the use of contrast agents should be carried out under 
direction of a physician with the prerequisite training and a thorough knowledge of the 
procedure to be performed. 


In a patient with a history of grand mal seizures, MAGNEVIST® Injection was reported to 
induce such a seizure. 


Since pocnemo ajon alla is cleared from the body by lomerular filtration, caution 
should be exercised in patients with severely impaired renal function. 


Animal studies suggest that gadopentetate dimegiumine may alter red cell membrane 
morphology resulting in a slight degree of extravascular (splenic) hemolysis. In clinical 
trials 15-30% of the patients experienced an asymptomatic transient rise in serum iron. 
Serum bilirubin levels were slightly elevated in approximately 3.4% of patients. Levels 
generally returned to baseline within 24 to 48 hours. Hematocrit and red blood cell count 
were unaffected and liver enzymes were not elevated in these patients. While the effects 
of gadopentetate dimegiumine on serum iron and bilirubin have not been associated with 
clinical manifestations, the effect of the drug in patients with hepatic disease is not known 
and caution is therefore advised. 


When MAGNEVIST® Injection is to be injected using plastic disposable syringes, the contrast 
medium should be drawn into the syringe and used immediately. 


If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 


Repeat Procedures: If in the clinical judgment of the physician sequential or repeat ex- 
aminations are required, a suitable interval of time between administrations should be 
Observed to allow for normal clearance of the drug from the body. 


Information for Patients: 

Patients receiving MAGNEVIST® Injection should be instructed to: 

1. Inform your physician if you are pregnant or breast feeding. 

2.Inform your physician if you have anemia or any diseases that affect red blood cells. 


LABORATORY TEST FINDINGS 


Transitory changes in serum iron and bilirubin levels have been reported in patients with 
normal and abnormal liver function (See PRECAUTIONS - General). 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY 


No animal studies have been performed to evaluate the carcinogenic potential of 
gadopentetate dimeglumine. 


Gadopentetate cmogumine did not evoke any evidence of mutagenic potential in the 
Ames test (histidine-dependent Salmonella typhimurium) nor in a reverse mutation assay 
using tryptophan-dependent Escherichia coli. Gadopentetate dimeglumine did not induce 
a positive response in the (C3H 107/2) mouse embryo fibroblast cellular transformation 
nga nor did it induce unscheduled DNA repair synthesis in primary cultures of rat 
hepatocytes at concentrations up to 5000 ug/mL. However, the drug did show some 
evidence of mutagenic potential in vivo in the mouse dominant lethal assay at doses of 6 
mmol/kg, but did not show any such potential in the mouse and dog micronucleus tests 
at intravenous doses of 9 mmol/kg and 2.5 mmol/kg, respectively. 


The results of a reproductive study in rats showed that gadopentetate dimeglumine when 
administered in daily doses of 0.1-2.5 mmol/kg, did not cause a significant change in the 
pregnancy rate in comparison to a control group. However, suppression of body weight gain 
and food consumption and a decrease in the mean weights of testis and epididymis 
occurred in male rats at the 2.5 mmol/kg dose. In female rats a decrease in the number 
of corpora lutea at the 0.) bin dose and the suppression of body weight gain and 
food consumption at the 2.5 mmol/kg dose were observed. 


In a separate experiment, 16 daily intravenous injections were administered to male rats. 
At a dose of 5 mmol/kg of gadopentetate dimegiumine, cae ge cell atrophy was 
observed. This atrophy was not reversed within a 16-day observation period following the 
discontinuation of the drug. This effect was not observed at a dose of 2.5 mmol/kg. 





nevist 
(gadopentetate 
dimeglumine 46901 mg/ml) 


PREGNANCY CATEGORY C. 

Gadopentetate dimeglumine has been shown to retard development slightly in rats when 
be in doses 2.5 times the human dose, and in rabbits when given in doses of 7.5 and 
2.5 times the human dose. The drug did not exhibit this effect in rabbits when given in 
doses 2.5 times the human dose. No congenital anomalies were noted in either species. 


There are no adequate and well-controlled studies in pregnant women. MAGNEVIST® 
Injection yc be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 


NURSING MOTHERS 


C14 labelled gadopentetate dimegiumine was administered intravenously to lactating rats 
at a dose of 0.5 mmol/kg. Less than 0.2% of the total dose was transferred to the neonate 
via the milk during the 24-hour evaluation period. It is not known to what extent MAGNEVIST® 
Injection is excreted in human milk. Because many drugs are excreted in human milk, 
caution should be exercised when the drug is administered to a nursing mother and 
consideration should be given to temporarily discontinuing nursing. 


PEDIATRIC USE 
Safety and efficacy in children under the age of 2 bai have not been established. 
(See Indications and Usage and Dosage and Administration sections). 


ADVERSE REACTIONS 

The most commonly noted adverse experience is headache with an incidence of 8.7%. The 
majority of headaches are transient and of mild to moderate el In 42.3% of the cases 
it was felt that the headaches were not related to MAGNEVIST® Injection. Injection site 
coldness/localized coldness is the second most common adverse experience at 4.8%. 
Nausea occurs in 3.2% of the patients. 

Localized pain, vomiting, paresthesia, dizziness and localized 
warmth occur in less than 2% of the patients. 

The following additional adverse events occur in less than 1% 
of the patients: 

Body as a Whole: Injection site symptoms, namely, pain, warmth, 
burning; localized burning sensation, substernal chest pain, fever, 
weakness, generalized coldness, localized edema, tiredness, 
chest tightness, regional lymphangitis. 

Cardiovascular: Hypotension, vasodilation, pallor, non-specific 
ECG changes, angina pectoris, phlebitis. 

Digestive: Gastrointestinal distress, stomach pain, teeth pain, 
increased salivation. 

Nervous System: Agitation, thirst, convulsions (including grand mal). 
ee System: Throat irritation, rhinorrhea, sneezing, dyspnea, wheezing, laryngismus, 
cough. 

Skin: Rash, sweating, pruritus, urticaria (hives). 

Special Senses: Tinnitus, conjunctivitis, visual field defect, taste abnormality, dry mouth, 
lacrimation disorder (tearing), eye irritation. 

Laboratory: Transient elevation of serum transaminases. 

The following other adverse events were reported. A causal relationship has neither been 
established nor refuted. 

Body as a Whole: Back pain, pain, generalized warmth. 

Cardiovascular: Hypertension, tachycardia, migraine, syncope. 

Digestive: Constipation, diarrhea. 

Nervous System: Anxiety, anorexia, nystagmus, drowsiness, diplopia, stupor. 

Skin: Facial edema, erythema multiforme, epidermal necrolysis. 

Special Senses: Eye pain, ear pain. 

Data from foreign studies did not reveal any additional adverse experiences. 


OVERDOSAGE 


The LDso of intravenously administered gadopentetate dimeglumine injection in mice is 
5-12.5 mmol/kg and in rats it is 10-5 mmol/kg. The LDso of intravenously administered 
MAGNEVIST® Injection in dogs is greater than 6 mmol/kg. 


Clinical consequences of overdose with MAGNEVIST® Injection have not been reported. 


DOSAGE AND ADMINISTRATION 

The recommended dosage of MAGNEVIST® Injection is 0.2 mL/kg (0.1 mmol/kg), 
administered intravenously, at a rate not to exceed 10 mL per minute. More rapid injection 
rates may be associated with nausea. The maximum total dose is 20 mL. Any unused 
portion must be discarded. 


DOSAGE CHART 


Body Weight Dose in Approx Duration of 
(kg) mL Injection in Seconds 
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To ensure complete injection of the contrast medium, the injection should be followed by 
a 5-mL normal saline flush. The imaging procedure should be completed within 1 hour of 
injection of MAGNEVIST® injection. 

Parenteral products should be inspected visually for particulate matter and discoloration 
prior to administration, whenever solution and container permit. 
For full prescribing information, see package insert. 

Caution: Federal Law Prohibits Dispensing Without Prescription. 


© 1990, Berlex Laboratories Inc. 
All rights reserved. 

Berlex Laboratories, Inc. 
Wayne, New Jersey 07470 
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Calendar 


1990 


June 2-4 
11-14 
16-19 
17-20 
19-23 
20-23 
21-23 


23-24 


27-30 
28-July 1 
July 9-10 


12-14 


Aug 2-5 


24-27 
Sept 8-10 
11-13 
11-14 
12-14 
16-18 
16-20 
23-24 


25-28 


26-29 


CALENDAR OF MEETINGS 


Second Annual Meeting of the South East European Society for Neurology and Psychiatry and the 
American Society of Neuroimaging, Venice, Italy. Contact Linda J. Wilkerson, American Society of 
Neuroimaging, 2221 University Avenue SE, Suite 340, Minneapolis, MN 55414; (612) 378-7240. 
Miami Children’s Hospital 11th Annual Child Neurology Postgraduate Course, Sonesta Beach Ho- 
tel, Key Biscayne, Fla. Contact Oscar Papazian, MD, Miami Children’s Hospital, Department of 
Neurology, 3200 SW 60th Ct, Miami, FL 33155; (305) 662-8330. 

Neurological and Neuropsychological Complications of Human Immunodeficiency Virus Infection, 
Monterey, Calif. Contact Dr Robert M. Levy, Cochairman, Department of Surgery (Neurosurgery) 
and Physiology, Northwestern University Medical School, Wesley Pavilion 928, 250 Superior St, 
Chicago, IL 60611; (312) 908-0708. 

Eighth International Symposium on Brain Edema, Bern, Switzerland. Contact H. J. Reulen, MD, De- 
partment of Neurosurgery, University of Bern, Inselspital, CH-3010 Bern, Switzerland. 

“Epilepsy Surgery,” sponsored by The Cleveland (Ohio) Clinic Foundation. Contact Department of 
Continuing Education, 9500 Euclid Ave, Room TT-31, Cleveland, OH 44195-5241; 800-762-8172 
(Ohio), 800-762-8173 (outside Ohio). 

Second International Cleveland (Ohio) Clinic Epilepsy Symposium, ‘‘Epilepsy Surgery,” Cleveland. 
Contact The Cleveland Clinic Educational Foundation, 9500 Euclid Ave, Room TT-31, Cleveland, 
OH 44195-5241: (216) 444-5696, 800-762-8172 (Ohio), 800-762-8173 (outside Ohio). 

The Third International Symposium on the Rehabilitation of Brain-Injured Patients, Disneyland Ho- 
tel, Anaheim, Calif. Contact Mary Ann Keenan, MD, The Adult Brain Injury Service, Rancho Los 
Amigos Medical Center, 7601 E Imperial Hwy, Downey, CA 90242. 

“Excitatory Amino Acid Receptors in the Brain: Functions and Disorders,” a symposium, Montreal 
(Canada) Neurological Institute. Contact Ms T. Maglietta, Coordinator, Excitatory Amino Acids 
Symposium, Montreal Neurological Institute, Room 710, 3801 University St, Montreal, Quebec, 
Canada H3A 2B4; (514) 398-1955. 

Twenty-fifth Canadian Congress of Neurological Sciences, Banff Springs Hotel, Banff, Canada. 
Contact Permanent Secretariat, Canadian Congress of Neurological Sciences, 116C, 1330 15th 
Ave SW, Calgary, Alberta, Canada T3C 3N6; (403) 229-9544. 

The Fifth Annual Meeting of the American Academy of Clinical Neurophysiology, Westin Hotel, Bos- 
ton, Mass. Contact Marlene Richard Fairbanks, Clinical Neurophysiology Laboratory, Massachu- 
setts General Hospital, Boston, MA 02114. 

Design and Management of Clinical Trials, The Johns Hopkins Medical Institutions, Baltimore, Md. 
Contact Program Coordinator, The Johns Hopkins Medical Institutions, Office of Continuing Edu- 
cation, Turner Building, 720 Rutland Ave, Baltimore, MD 21205; (301) 955-2959. 

First Bristol-Meyers Squibb Symposium on Pain, Towsley Center, Ann Arbor, Mich. Contact Gayle 
Fox, Program Assistant, Office of Continuing Medical Education, G-1100 Towsley Center-Box 
0201, University of Michigan Medical School, Ann Arbor, MI 48109-0201; (313) 763-1400. 

The Second International Conference on Alzheimer’s Disease and Related Disorders, Westin Har- 
bour Castle, Toronto, Canada. Contact Dr Al Snider, Conference Organizer, Institute for Basic Re- 
search, 1050 Forest Hill Rd, Staten Island, NY 10314; (718) 494-5299. 

The Eighth Annual Symposium on Medical Problems of Musicians and Dancers, Cleveland, Ohio. 
Contact The Cleveland Clinic Educational Foundation, Department of Continuing Education, 9500 
Euclid Ave, Room TT-31, Cleveland, OH 44195-5241; (800) 762-8172 (Ohio); (800) 762-8173 
(outside Ohio). 

‘‘Neurotransmitters: Brain, Heart, and Tumor Response,” Montreal, Canada. Contact Margie Kilty, 
American College of Nuclear Physicians, 1101 Connecticut Ave NW, Suite 700, Washington, DC 
20036; (202) 857-1191. 

Tenth Annual Conference on Evoked Potentials, Swiss Grand Hotel, Chicago, Ill. Contact Neil A. 
Spielholz, PhD, Program Chairman, New York University Medical Center, 400 E 34th St, New York, 
NY 10016. 

Ninth International Single Fiber and Quantitative Electromyography Course, Mainz, West Germany. 
Contact Professor W. A. Nix, Department of Neurology, University Clinics, Langenbeckstrasse 1, 
6500 Mainz, West Germany. 

The Sixth International Conference on Phenothiazines and Structurally Related Psychotropic Com- 
pounds, Pasadena (Calif) Hilton. Contact Dr Hendrik Keyzer, Chemistry Department, California 
State University, 5151 State University Dr, Los Angeles, CA 90032; (213) 343-2391. 

First International Congress on Brain Electromagnetic Topography, Osaka, Japan. Contact Con- 
gress Office; Department of Neurosurgery, University of Occupational and Environmental Health, 
1-1 Iseigaoka, Yahatanishi-Ku, Kitakyushu, Fukuoka 807, Japan. 

“Interventional Neuroradiology: Current Practices and Techniques,” The Johns Hopkins Medical 
institutions, Baltimore, Md. Contact Program Coordinator, Office of Continuing Education, The Johns 
Hopkins Medical Institutions, Turner Building, 720 Rutland Ave, Baltimore, MD 21205; (301) 955- 
2959. 

18th Annual Meeting of the International Society for Pediatric Neurosurgery, Hotel Intercontinental, 
Paris, France. Contact SOCFI, 14 rue Mandar, 75002 Paris, France. 

Annual Meeting of the American Electroencephalographic Society, Westin Galleria Hotel, Houston, 
Tex. Contact American Electroencephalographic Society, PO Box 30, Bloomfield, CT 06002. 
First International Conference on Ultrasound Angiography, University of London (England). Contact 
The Conference Secretariat, PO Box 15, Eastleigh, Hampshire SO5 5XG, England. 

International Symposium on Advances in Neuro-Oncology, San Remo, Italy. Contact Fondazione 
Giovanni Lorenzini, Via Monte Napoleone 23, 20121 Milan, Italy. 
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lergoramine Tartare 
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e @ Highly Effective: 
Aborts migraines before they start 
Stops migraines in progress 
bh 


è Reliable and Predictable 





The choice from the start 


*MSG, a common additive in Chinese cooking, may precipitate 
migraine attacks in susceptible individuals, 


Please see following page for brief summary of prescribing information. 
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Brief Summary 
Please see package insert for full prescribing information. 


CAFERGOT* 


(ergotamine tartrate USP 
Tablets 

(ergotamine tartrate USP 2 
Suppositories 


CAFERGOT” P-B 


(ergotamine tartrate USP, 1 mg; caffeine USP. 100 mg; Bellafoline® 
[levorotatory alkaloids of belladonna], 0.125 mg; pentobarbital sodium 
USP, 30 mg [WARNING: May be habit forming]) 

Tablets 

ert. tartrate USP, 2 mg; caffeine USP. 100 mg; Bellafoline® 
[levorotatory alkaloids of belladonna], 0.25 mg; pentobarbital sodium 
USP, 60 mg [WARNING: May be habit forming]) 

Suppositories 


mg; caffeine USP, 100 mg) 


mg; caffeine USP, 100 mg) 


si ot gear hah 


Peripheral vascular disease, coronary heart disease, hypertension, impaired hepatic or renal 
function, SEPSIS and pre pon INCY 

Hypersensitivity to any of the components 

Although N Sign and symptoms of erg n rarely develop even alte ng term intermittent use of 
the orally or rectally administered drugs, care should be exercised to remain within the limits of 


recommended dosage 
Ergotism S manifested by intense arterial vasoconstriction. producing signs and symptoms of 
peripheral vascular ischemia. Ergotamine induces vasoconstriction by a direct action on vascular 
smooth muscle. In chronic intoxication with ergot derivatives, headache. intermittent claudicatior 
imbness, coldness and pallor of the digits may occur If the condition is allowed t 
gress untreated, gangrene can result 
; ergotism associated with ergotamine treatment result from frank over- 
dosage, some cases have involved apr arent hypersensitivity. There are few reports of ergotisn 
among patients taking doses within the recommended limits or for brie ef periods of time. In rare 
nsiances, patients, particularly those who have used the medicati n indiscriminately over lo 
periods of time, may display withdrawa symptoms consisting of rebound headache upon dis con 
juation of the drug 
There have been reports of drug abuse and psychological dependence in patients on Cafergot® 
ergolamine tartrate and caffeine) therapy. Due ti th ie chronicity of vascular headaches, it is 
> Win long- term use t 


imperative that patients be advised not to exceed recommended dosag 


avoid ergotism 





ADVERSE REACTIONS 

Vasoconstrictive complications, at times of a serious nature, may occur. These include pulseless- 
ness, weakness, muscle pains and paresthesias of the extremities and precordial distress and 
pain. Although these effects occur most commonly with long-term therapy at relatively high doses, 
they have also been reported with short-term or normal doses. Other adverse effects include 
lransient'tachycardia or bradycardia, nausea, vomiting, localized edema and itching. Drowsiness 
may occur with Cafergot® P-B 


DOSAGE AND ADMINISTRATION 
Procedure: For the best results, dosage should start at the first sign of an attack 
PRODROMAL PHASE| PAIN PHASE 


2 tablets at start of attack; 1 additional tab 
let every % hour, if needed for full relief 


| Yh. n. | Yeh Ye hr | 



















ORALLY 


— OR 





1 suppository at start of attack; second sup 
pository after 1 hour. if needed for full relief 


f~ 1hr A 


RECTALLY 


Early Administration Gives Maximum Effectiveness 


MAXIMUM ADULT DOSAGE 
Orally: Total dose for any one attack should not exceed 6 tablets 
Rectally: Two suppositories is the maximum dose for an individual attack 
Total weekly dosage should not exceed 10 tablets or 5 suppositories 
In carefully selected patients, with due consideration of maximum dc Sage recommendations 
administration of the drug at bedtime may be an appropriate short-term preventive measure 


OVERDOSAGE 

The toxic effects of an acute overdosage of Cafergot® (ergotamine tartrate and caffeine) are due 
primarily to the ergotamine c sompol nent. The amount of caffeine is such that its toxic effects will be 
overshadowed by those of ergotamine. Symptoms include vom iting, numOness, tingling, pain and 

cyanosis of the extremities assoc iate d with diminished or absent perir yheral pulses hyperten sion 
or hypotension; drowsiness, stupor, coma, convulsions and shock. A case has been reported of ‘+ 
reversible bilateral papillitis with ring sc otomata in a patient who received five times the recom- 
mended daily adult dose over a period of 14 days 

Treatment consists of removal of the « een iding drug by induction of emesis, gastric lavage, and 
catharsis. Maintenance of adequate pulmon ary ventilation, correction of hypotension, and control 
of convulsions are important considerations. Treatment of peripheral vasospasm should consist of 
warmth. but not heat. and protect ion of the ischemic limbs. Vasodilato rs May be used with benefit 
but caution must be exercised to avoid aggravating an already existent hypotension 


SANDOZPHARMACEUTICALS 


Corporation, E. Hanover, NJ 07936 (201) 503-7500 


© 1990, Sandoz Pharmaceuticals Corporation 


Three-way relief 
of tension headache 


1. Alleviates headache pain 
2. Reduces anxiety 


_ 3, Relieves muscle tension 


FIORIGET 


(Each tablet contains: butalbital 50 mg [Warning: May be habit-forming]; acetaminophen 325 mg; and caffeine 40 mg) 


ASPIRIN-FREE TABLETS 


Relieves the entire pain/anxiety/tension syndrome 


For full prescribing information, 
please see following page. 
FCT-0889-01 











Brief Summary 
Please see package insert for full prescribing information. 


FIORICET” 


(butalbital USP, 50 mg [WARNING: May be habit forming]; acetaminophen 
USP, 325 mg; caffeine USP, 40 mg) 
Tablets 


CONTRAINDICATIONS 
Hypersensitivity to acetaminophen, caffeine or barbiturates. Patients with porphyria. 


PRECAUTIONS 

General 

Barbiturates should be administered with caution, if at all, to patients who are mentally 
depressed, have suicidal tendencies, or a history of drug abuse. 

Elderly or debilitated patients may react to barbiturates with marked excitement, depression, and 
confusion. In some persons, barbiturates repeatedly produce excitement rather than depression 
information for Patients: Practitioners should give the following information and instructions to 
patients receiving barbiturates: 

A. The use of barbiturates carries with it an associated risk of psychological and/or physical de- 
pendence. The patient should be warned against increasing the dose of the drug without 
consulting a physician. 

B. Barbiturates may impair mental and/or physical abilities required for the performance of 
potentially hazardous tasks (€.g., driving, operating machinery, etc.) 

C. Alcohol should not be consumed while taking barbiturates. Concurrent use of the barbiturates 
with other CNS depressants (e.g., alcohol, narcotics, tranquilizers, and antihistamines) may 
result in additional CNS depressant effects. 

Drug Interactions: Patients receiving narcotic analgesics, antipsychotics, antianxiety agents, or 

other CNS depressants (including alcohol) concomitantly with Fioricet® may exhibit additive CNS 

depressant effects. 








Drugs Effect 

Butalbital w/coumarin Decreased effect of anticoagulant because of increased metabolism 
anticoagulants resulting from enzyme induction 

Butalbital w/tricyclic Decreased blood levels of the antidepressant 

antidepressants 


Usage in Pregnancy: Adequate studies have not been performed in animals to determine 
whether this drug affects fertility in males or females, has teratogenic potential or has other adverse 
effects on the fetus. There are no well-controlled studies in pregnant women. Although there is no 
clearly defined risk, one cannot exclude the possibility of infrequent or subtle damage to the 
human fetus. Fioricet® should be used in pregnant women only when clearly needed. 

Nursing Mothers: The effects of Fioricet® on infants of nursing mothers are not known 
Barbiturates are excreted in the breast milk of nursing mothers. The serum levels in infants are be- 
lieved to be insignificant with therapeutic doses. 

Pediatric Use: Safety and effectiveness in children below the age of 12 have not been 
established. 


ADVERSE REACTIONS 
The most frequent adverse reactions are drowsiness and dizziness. Less frequent adverse 
reactions are lightheadedness and gastrointestinal disturbances including nausea, vomiting, and 


flatulence. Mental confusion or depression can occur due to intolerance or overdosage of 
butalbital 


DRUG ABUSE AND DEPENDENCE 

Prolonged use of barbiturates can produce drug dependence, characterized by psychic depen- 
dence and tolerance. The abuse liability of Fioricet® is similar to that of other barbiturate- 
containing drug combinations. Caution should be exercised when prescribing medication for 
patients with a known propensity for taking excessive quantities of drugs, which is not uncommon 
in patients with chronic tension headache 


OVERDOSAGE 
The toxic effects of acute overdosage of Fioricet® are attributable mainly to its barbiturate com- 

ponent, and, to a lesser extent, acetaminophen. Because toxic effects of caffeine occur in very high 

dosages only, the possibility of significant caffeine toxicity from Fioricet® overdosage is unlikely. 

Barbiturate 

Signs and Symptoms: Drowsiness, confusion, coma; respiratory depression; hypotension; shock 

Treatment 

1. Maintenance of an adequate airway, with assisted respiration and oxygen administration as 
necessary. 

2. Monitoring of vital signs and fluid balance. 

3. If the patient is conscious and has not lost the gag reflex, emesis may be induced with ipecac 
Care should be taken to prevent pulmonary aspiration of vomitus. After completion of vomiting, 
30 grams activated charcoal in a glass of water may be administered 

4. If emesis is contraindicated, gastric lavage may be performed with a cuffed endotracheal tube in 
place with the patient in the facedown position. Activated charcoal may be left in the emptied 
stomach and a saline cathartic administered. 

5. Fluid therapy and other standard treatment of shock, if needed. 

6. If renal function is normal, forced diuresis may aid in the elimination of the barbiturate. 
Alkalinization of the urine increases renal excretion of some barbiturates, especially 
phenobarbital. 

7. Although not recommended as a routine procedure, hemodialysis may be used in severe barbi- 
turate intoxication or if the patient is anuric or in shock 

Acetaminophen 

Signs and Symptoms 
In acute acetaminophen overdosage, dose-dependent, potentially fatal hepatic necrosis is the 

most serious adverse effect. Renal tubular necrosis, hypoglycemic coma, and thrombocytopenia 

may also occur 

In adults, hepatic toxicity has rarely been reported with acute overdoses of less than 10 grams 
and fatalities with less than 15 grams. Importantly, young children seem to be more resistant than 
adults to the hepatotoxic effect of an acetaminophen overdose. 

Early symptoms following a potentially hepatotoxic overdosage may include: nausea, 
vomiting, diaphoresis, and general malaise. Clinical and laboratory evidence of hepatic toxicity 
may not be apparent until 48-72 hours post-ingestion 
Treatment 

The stomach should be emptied promptly by lavage or by induction of emesis with syrup of ipe- 
cac. Patients’ estimates of the quantity of a drug ingested are notoriously unreliable. Therefore, if 
an acetaminophen overdose is suspected, a serum acetaminophen assay should be obtained as 
early as possible, but no sooner than four hours following ingestion. Liver function studies should 
be obtained initially and repeated at 24-hour intervals 

The antidote, N-acetylcysteine, should be administered as early as possible, preferably within 16 
hours of the overdose ingestion for optimal results, but in any case, within 24 hours. Following re- 
covery, there are no residual, structural or functional hepatic abnormalities 
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News 


American Board of Psychiatry and Neurology Inc.—The fol- 
lowing individuals were certified in neurology at the exam- 
ination held in November 1989: 


Adelman, Philip A. 
Awerbuch, Gavin I. 
Ayres, Donald W. 
Bagley, Charles H. 
Bansil, Shalini M. 
Beck, Lawrence S. 
Behar, Jeffrey L. 
Bell, Zakia D. 
Benezette, Alyn L. 
Beydoun, Ahmad A. 
Bikshorn, Barry H. 


Binning, Chhinder P. S. 


Blake, David M. 
Bohlega, Saeed A. 
Bowman, Michael H. 
Bridgman, Peter A. 
Brod, Staley A. 
Brogna, Carlo G. 
Buckler, Richard A. 
Buday, John M. 
Burnstine, Thomas H. 
Calder, Christopher S. 
Carlson, Judith A. 
Casaly, Joseph S. 
Chesser, Michael Z. 
Chimowitz, Marc I. 
Cohen, Andrea M. 
Cohen, David A. 
Consiglio, Michael A. 
Conway, Chris A. 
Cooper, Gregory W. 
Cornblath, Wayne T. 
Cornellier, Diane S. 
Cowan, Richard B. T. 
Cutlip, William D. II 
Daffner, Kirk R. 
Denayer, Marie-Anne 
Diaczok, Irene M. 
Dietrich, Marlene E. 
Dinkla, Hendrik 
Ditter, Susan M. 
DuBois, Craig R. 
Duffy, Charles J. 
Dulli, Douglas A. 
Duncan, Max B. 
Durozel, Joseph A. 


Engstrand, Beatrice C. 


Ettinger, Alan B. 
Faris, Amin A. 
Farraye, Joseph 
Feuer, Daniel J. 
Fisch, Bruce J. 


Futrell, Nancy N. 
Gan, Richard A. 
Gelb, Douglas J. 
Gelinas-Sorell, Deborah F. 
Geweke, Lynne O. 
Giang, Daniel W. 
Goldman, Steven A. 
Gominak, Stasha C. 
Gonzales, Gilbert R. 
Gooch, William R. 
Green, Jody E. 
Grenell, Steven L. 
Gress, Daryl R. 
Gupta, Ajay S. 
Gupta, Naresh K. 
Gupta, Pradip 
Guterman, Andrew 
Harden, Cynthia L. 
Harris, Jonathan O. 
Harris, Lee J. 
Hauser, Robert A. 
Henson, John W. IV 
Hollander, Dave 
Holmes, Kenneth W. 
Hopson, Daniel J. 
Horowitz, Deborah R. 
Hyman, Bradley T. 
Inbody, Steven B. 
Isaac, Kathryn 
Iskandar, Danny 
Jacob, Eacharangad I. 
Jaffe, Sydney J. 
Joerns, Susan E. 
Jordan, Barry D. 
Jumao-As, Asela P. 
Kamin, Stephen S. 
Kanner, Andres M. 
Kassicieh, V. Daniel 
Kaufman, Mitchell H. 
Keefover, Robert W. 
Kehs, Glenn J. 
Kent, Ashley D. 
Kerrigan, James J. 
Khoury, Samia J. 
Kittner, Steven J. 
Klebanoff, Louise M. 
Kolb, David A. 
Ksiazek, Susan M. 
Kumar, Jai 
Kurzrok, Neal M. 
Lachance, Daniel H. 
Lanska, Douglas J. 


Mackay, Bruce C. 
Macklis, Jeffrey D. 
Malkoff, Marc D. 
Mallin, Jeffrey E. 
Mark, Konrad A. 
Marks, David A. 
Massaquoi, Steve G. 
Matarese, Emil L. 
McCarthy, Micheline B. 
McCraney, David P. 
McGookey, Patrick M. 
Melnick, Paul A. 
Morrell, Martha Jo 
Morris, David C. 
Morris, George Lee III 
Nack, Steven D. 
Navada, Shiv S. U. 
Navia, Bradford A. 
Nedd, Kester J. 
Newman, Nancy J. 
Newton, Herbert B. 
Norwood, Eston G. III 
Nygaard, Torbjoern G. 
O’Neal, Mary A. 


Pasupuleti, Devakinanda V. 


Paul, Kala L. 
Pennett, Donald T. 
Phillips, Catherine A. 
Picone, Carmela M. 
Pilgrim, David M. 
Rafecas, Jose C. 
Ragone, Philip S. 
Ramadan, Nabih M. 
Rangarajan, Vijay 
Redmond, Janice M. T. 
Rehman, Farooq 
Remler, Bernd F. 
Richardson, Perry K. 
Robertson, James M. 
Ronnett, Gabriele V. 
Rosenbaum, Faye R. 
Rosing, Howard S. 
Roy, Emile P. III 
Rubin, Alan M. 
Russell, Dallas M. 
Safar, David S. 


Salgado, Antonio V. 
Salgado, Efrain D. 
Samkoff, Lawrence M. 
Saw, Andrew M. 
Schaeffer, John D. 
Scheuer, Mark L. 
Schiffman, Erica R. 
Schlatter, Margaret A. 
Schondorf, Ronald 
Schwartz, Kenny A. 
Schwartzman, Michael J. 
Schwarz, Heidi B. 
Shefner, Jeremy M. 
Shepard, Douglas L. 
Sheppard, Christopher A. 
Sidhpura, Jagdish R. 
Sims, Ronald S. 

Smith, David N. 

Snyder, Clyde R. 

Stecker, Mark M. 

Tabby, David S. 

Tarras, Seth C. 

Taylor, Reid D. 
Thompson, James M. 
Trusheim, John E. 

Van Slooten, David D. 
Varipapa, Robert J. 
Vriesendorp, Francine J. 
Wade, Peter B. 

Warnack, Worthy R. Jr 
Washington, Jacqueline M. 
Weisher, David D. 

Wen, Patrick Y. C. 
Whicker, Lawrence R. Jr 
Wiggs, William G. 
Wilner, Andrew N. 
Winger, Michael J. 
Wisniewski, Thomas 
Woan, Jin-mei 

Wolfe, Jimmy V. 

Wong, Eugene 

Wong, Walter K. T. 
Wrabetz, Lawrence G. 
Yadlapalli, Brahmananda R. 
Yankner, Bruce A. 
Zachariah, Sally G. 


The following individuals were certified in neurology with 
special qualifications in child neurology: 


Asaikar, Shailesh M. 
Chiriboga-Klein, Claudia 
Chung, Elizabeth O. 
Cohen, Steven R. 
DeSouza, Trevor G. 
Dimario, Francis J. Jr 
Forem, Sandra L. 


Gilmore, Herbert E. 
Kairam, Ram 
Krawiecki, Nicolas S. 
Maguire, Henry C. 
Nespeca, Mark P. 
Ritter, Frank J. 
Sapin, Joyce I. 


FitzGerald, Patricia M. 
Fontneau, Nancy M. 
Fremed, Eric L. 

Frey, Kirk A. 


Suri, Madhav 
Teodori, Janet B. 
Udani, Vrajesh P. 
Wheless, James W. 


Gama, Carlos H. 
Gelbard, Harris, A. 
Geller, Thomas J. 
Gibson, Claudia C. 


Latov, Norman 
Lesch, David R. 
Ligon, Beverly B. 
Lipps, David C. 
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Now you 


can implement 


a personalized 
management plan 


More Than 

a Prescription 

As you know, it takes 

more than a prescription 

to manage Parkinson’s 

disease. An individualized 

lifestyle modification program — 
is encompassing diet, exercise and 

day-to-day coping strategies — is often bene- 

ficial to the patient. 








A Total Treatment Strategy 

That’s why Sandoz is bringing you PATH”. A 
comprehensive new program that expands ther- 
apy beyond drug treatment, PATH is the route 
to better management of Parkinson’s disease. 


Developed in conjunction with national 
Parkinson’s disease associations and Parkinson’s 
disease specialists, PATH involves patient, family, 

, pharmacist and physician in a total treatment 
strategy. 


The PATH Program puts you and your patients 
in touch with the latest information on symptom 
control and living with symptoms. It serves as a 
useful adjunct to your clinical management and 
provides a dependable additional source of 
information for your patients and their families. 


Home/Office Video Program 

PATH begins with a videotape that describes 

the program and reviews current approaches to 
living with Parkinson’s symptoms. It can be made 
available to your patients for home or office use. 


Regular Direct-to-Patient Mailings 

Patients receive regular PATH mailings contain- 

ing practical tips on day-to-day living with 

Parkinson’s symptoms. Topics include: 

E Coming to terms with Parkinson’s disease 

E How to reduce stress and associated 
symptoms 

m How to deal with social issues raised by 
chronic disease 

E How to achieve good nutritional status 

E Improving symptoms through exercise 


for ever 
Parkinson’s 
patient 





Cliniscan’ 

The Cliniscan™ Program 
is a unique personal- 
ized assessment pro- 

gram, available to 

qualified patients. 

Cliniscan™ provides your 

patients with specific recom- 

mendations for making helpful changes in their 
lifestyles. It also helps you monitor patient 

progress and provides you with the latest infor- 
mation on the treatment of Parkinson’s disease. 


z 





Quarterly questionnaires detailing the impact of 
Parkinson’s symptoms on daily activities are 
completed by patients and their families. Their 
responses generate specific non-pharmacologic 
recommendations based on input from a board 
of Parkinson’s disease specialists. These are for- 
warded first to you and then to your patients. 


Enroll Your Patients Today! 
For further information, including patient enroll- 


ment forms, just fill in this coupon and return it 
to: PATH, P.O. Box 220, Hawthorne, NJ 07507. 


Or call toll free 1-800-874-PATH. 





Because it takes more than a prescription 
to manage Parkinson’s disease 
Please provide PATH patient enrollment forms 
and information to: 


Dr. 

(please print) 
Address 
City State Zip 


A Complimentary Service of 
A ANDOZPHARMACEUTICALS 
, E. Hanover, NJ 07936 (201) 503-7500 
© 1989 Sandoz Pharmaceuticals Corporation 
INST-489-1 4/89 
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Letters to the Editor 


Letters to the editor should be submitted as an original and two duplicates. They should be 
typewritten double-spaced on plain bond paper; they will be subject to editing. If they are 
prepared on a word processor, do not justify the right margin. A copyright transmittal letter 
signed by all authors must accompany this (see “Instructions for Authors”). 


Pathophysiologic Mechanisms 
Underlying Spatial Disorientation in 
Patients With Alzheimer’s Disease 


To the Editor.—In a recent issue, 
Henderson, Mack, and Williams re- 
ported that impaired drawing skill in 
patients with “probable” Alzheimer’s 
disease (AD) was a significant predic- 
tor of spatial disorientation.'! The au- 
thors concluded that the poor visuo- 
constructive performance exhibited in 
some patients’ drawings implicates 
right inferior parietal lobe dysfunc- 
tion. We commend this effort to un- 
derstand the brain mechanisms re- 
sponsible for a major clinical prob- 
lem—wandering and getting lost in 
patients with AD—but we find it dif- 
ficult to accept the authors’ conclu- 
sions about the anatomic specificity of 
this deficit. 

Drawing tests are complex, multi- 
factorial measures with a long history 
and demonstrated validity in the as- 
sessment of brain dysfunction.* Per- 
formance on these tests may suffer due 
to a variety of isolated or combined 
deficits in visual perception, visuospa- 
tial analysis/synthesis, or motor pro- 
gramming and execution. The same 
complexity of these tasks that makes 
them sensitive to brain dysfunction 
demands that valid interpretation of 
impairment be preceded by analysis of 
the subprocesses necessary for suc- 
cessful execution.’ We examined the 
sample of drawings' and recog- 
nized numerous examples of persever- 
ative, field dependent, and motor plan- 
ning errors. Such “executive” deficits 
are frequently considered an indica- 
tion of frontal lobe dysfunction.** 
These executive deficits may be distin- 
guished from more purely “spatial” 
deficits that are considered character- 
istic of inferior parietal syndromes.’ 

It has been suggested that executive 
functions are most sensitive to diffuse, 
multifocal, or axial brain distur- 
bances.° Given the wide range of 
neuropathological,’ neurochemical,’ 
and neurocognitive’ disturbances doc- 
umented in AD, it may be character- 
ized as an example of such “diffuse” 


618 Arch Neurol—Vol 47, June 1990 


disturbance. This characterization 
does not detract from the importance 
of heterogeneity in the presentation of 
AD, nor reduce the potential signifi- 
cance of identifying distinctive presen- 
tations as possible markers of biolog- 
ically and clinically meaningful sub- 
types. Indeed, prominent parietal lobe 
dysfunction may constitute such a 
marker. The fact that impairments in 
AD are frequently pervasive, however, 
suggests that careful attention must 
be paid to differentiate executive defi- 
cits from deficits that are due to dis- 
crete, focal brain pathology. 
Assuming isomorphism between 
poor performance on a single test and 
focal brain dysfunction is a frequent 
source of diagnostic error in neuropsy- 
chology. On tasks with multifactorial 
composition, careful dissection of task 
requirements is necessary to distin- 
guish between poor performance due 
to one primary deficit or another.’ We 
do not deny the role of the right pari- 
etal lobe in spatial disorientation. We 
do, however, wish to stress the impor- 
tance of including executive dysfunc- 
tion into the formulation of this disor- 
der. Making the distinction between 
executive impairment and visuospa- 
tial disturbance has implications both 
for understanding the pathophysiolog- 
ical basis of these “real-life” problems, 
and for designing rational interven- 


tions. 
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In Reply.—The thoughtful comments 
of Drs Barr, Bilder, and Kaplan em- 
phasize two fundamental principles in 
interpreting results of neurobehav- 
ioral research. First, group studies 
might obscure individual differences. 
This caveat is germane even when 
performance is evaluated in a stan- 
dardized, quantitative manner, as was 
done in our investigation of spatial 
disorientation in Alzheimer’s disease.! 
Qualitative analyses may provide ad- 
ditional, helpful information, a point 
that Dr Kaplan in particular has 
drummed into the heads of an entire 
generation of grateful neuropsycholo- 
gists and behavioral neurologists.’ 
Second, performance on virtually any 
neuropsychological task, including 
those chosen for our study, involves 
more than a single cognitive domain 
and depends on neural activity in more 
than one isolated region of the central 
nervous system. 

In selecting a line-drawing task as a 
measure of visuospatial performance 
and, by inference, as a likely indicator 
of right-sided parietal dysfunction, we 
were guided by the well-founded ob- 
servation that, “The reproduction of 
drawings... is more often grossly im- 
paired with right cerebral than left 
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cerebral injuries, particularly in the 
case of right parietal disease. ”™? As 
phrased in our article, “It is important 
to note that lesions in several left- or 
right-hemisphere brain regions could 
influence visuoconstructive [ie, line- 
drawing] performance. However, con- 
structional impairments are particu- 
larlysevere when posterior right-hemi- 
sphere damage includes the inferior 
parietal lobule.’ The validity of 
this inference in our patient popula- 
tion is supported by positron emission 
tomographic findings from normal 
subjects and subjects with Alz- 
heimer’s disease that reduced meta- 
bolic activity in the right parietal 
cortex significantly correlates with 
impaired visuoconstructive perfor- 
mance*; in contrast, frontal metabo- 
lism is relatively spared in Alzhei- 
mer’s disease.’ An association between 
“parietal signs” and spatial disorien- 
tation in Alzheimer’s disease has also 
been reported by others.‘ 

Although neuropathological alter- 
ations and clinical symptoms of Alz- 
heimer’s disease are complex and 
heterogeneous,” our general conclu- 
sion is supported by our data: “Our re- 
sults support the hypothesis that spa- 
tial disorientation in patients with 
Alzheimer’s disease, as reported by 
caregivers, is associated with neu- 
ropsychologic measures of right infe- 
rior parietal dysfunction ... ,”"°*? but 
it is equally obvious that “future 
studies might unveil additional con- 
tributory factors other than those that 
we have investigated.”'® *» For some 
patients with Alzheimer’s disease, 
“executive deficits,” suggested by the 
perspicacious analysis of Barr et al, 


may well be one such factor. 
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Hemiballism-Hemichorea 


To the Editor.—I read the article on 
hemiballism-hemichorea by Dewey 
and Jankovic! with interest. One of the 
points emphasized by the authors was 
the young age of onset in their patients 
with respect to the earlier literature. 
They indicate that this was almost 
certainly a factor in the diverse causes 
presented in their report; those cases 
other than cerebrovascular disease oc- 
curred in younger patients, while 
stroke (still the most common cause) 
occurred in the patients over age 55. 
However, without some statement 
concerning referral patterns, the un- 
informed reader is left to conclude that 
the epidemiology of this disorder has 
changed significantly since the time of 
the earlier large series quoted in this 
article. Although hemiballism is an 
uncommon movement disorder, most 
neurologists can readily make the cor- 
rect diagnosis. (1) It is recognized that 
stroke is the most frequent cause. (2) It 
is common knowledge (thanks to the 
literature quoted by Dewey and Jank- 
ovic) that the abnormal movements 
often lessen with dopamine antagonist 
therapy. (3) The natural history in 
most poststroke patients is for spon- 
taneous improvement and even 
resolution.” Therefore, I would argue 
that a relatively large proportion of 
elderly patients with typical (in the 
respects listed above) hemiballism- 
hemichorea are not referred to spe- 
cialty movement disorders clinics such 
as the one at Baylor University School 
of Medicine, Houston, Tex. One should 
not be surprised then to find an abun- 
dance of unusual or younger cases re- 
ported from such clinics in comparison 
with the earlier literature, which 
helped establish current understand- 
ing of the subject and thus referral 
practices. Even in a country where 
universal socialized health care en- 
courages frequent and early referral, 
our own experience has been that neu- 
rologists in the community tend not to 
refer the typical patient with hemibal- 


lism unless there are problems with 
management (eg, a poor response to 
neuroleptics) or the movement disor- 
der is persistent. For this reason, our 
experience has been similar to that of 
the Baylor group; the age at onset of 
the movement disorder has been rela- 
tively young and there has been an 
over-representation of “unusual” 
causes such as multiple sclerosis.’ I 
would argue that this is simply a fac- 
tor of better general knowledge of the 
disorder by neurologists and the like- 
lihood that “unusual” cases will tend 
to gravitate to subspecialty clinics 
with an exclusive interest in move- 
ment disorders. 

Finally, based on personal experi- 
ence and a review of the literature, I 
have previously hypothesized that per- 
sistent hemiballism due to ischemic 
lesions may be more likely to occur in 
the case of damage to basal ganglia 
structures separate from, or in addi- 
tion to, the subthalamic nucleus.’ Un- 
fortunately, Dewey and Jankovic pro- 
vide very little in the way of informa- 
tion regarding duration and natural 
history of the movement disorder in 
their patients. Do the authors have 
any data in their large experience that 


might shed light on this issue? 
ANTHONY E. LANG, MD, FRCPC 
Director, Movement Disorders Clinic 
Toronto Western Hospital, Suite 101 
25 Leonard Ave 
Toronto, Ontario, Canada M5T 2R2 
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In Reply.—Dr Lang’s comments are 
appreciated. It was not our intention, 
as implied by Dr Lang’s letter, to sug- 
gest that the epidemiology of hemibal- 
lism-hemichorea has recently changed 
or that our selected patient population 
reflects the experience of other neurol- 
ogists or primary care physicians. We 
agree that, because of our special in- 
terest in movement disorders, our pop- 
ulation of patients is probably differ- 
ent from that seen by general neurol- 
ogists. However, most of the previous 
series with which we compared our re- 
sults, although smaller than ours, 
were also reported from centers spe- 
cializing in movement disorders, 
therefore their referral populations 
should be similar to ours. Rather than 
a change in epidemiology, we suggest 
that the younger average age in our 
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patients is due to a more diverse cause 
of hemiballism-hemichorea. For ex- 
ample, acquired immunodeficiency 
syndrome, which was not seen at the 
time of previous studies, was respon- 
sible for the hyperkinesia in two of our 
young patients. As pointed out in our 
articlé, the average age of our 10 pa- 
tients with stroke was 67 years, not 
different from the previous studies. 

We reviewed our database again to 
answer Dr Lang’s second point regard- 
ing “persistent hemiballism due to is- 
chemic lesions.” We found no basis for 
his hypothesis that hemiballism is 
more persistent when due to ischemic 
lesions. This reanalysis of prognosis 
confirmed our statement that “stroke 
is the most common underlying cause 
in patients who have spontaneous im- 
provement of their hemiballism- 
hemichorea.”' The natural history of 
hemiballism-hemichorea is most in- 
fluenced by the cause. As stated in our 
report, besides stroke, the causes of 
hemiballism-hemichorea most likely 
responsible for spontaneous remis- 
sions include encephalitis and central 
nervous system lupus. 

Finally, our conclusion that “besides 
the subthalamic nucleus, other subcor- 
tical structures may be involved in the 
pathogenesis of this hemihyperkine- 
sia” is supported by a recent study us- 
ing positron emission tomography 
with 18-fluoro-2-deoxyglucose.’ In this 
64-year-old man with persistent 
hemiballism presumably secondary to 
a stroke, the subthalamic area was 
normal on computed tomographic and 
magnetic resonance imaging scans. 
However, the positron emission tomo- 
graphic study showed marked hy- 
pometabolism of the contralateral 
putamen and hypermetabolism of the 
contralateral parietal lobe. The au- 
thors hypothesized that the hemibal- 
lism-hemichorea in their patient re- 
sulted from a loss of tonic inhibition 
of the lateral globus pallidus from 
the putamen with inhibition of sub- 
thalamic nucleus and consequent dis- 
inhibition of the medial globus pallid- 
us, thalamus, and motor cortex. Their 
study underscores the importance of 
utilizing new technology, such as 
positron emission tomographic studies 
of cerebral metabolism, in generating 
new and testable hypotheses about 
the pathogenesis of hemiballism- 
hemichorea and related hyperkinetic 


movement disorders. 
JOSEPH JANKOVIC, MD 
Department of Neurology 
Baylor College of Medicine 
One Baylor Plaza 
Houston, TX 77030 
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Neurosyphilis in Acquired 
immunodeficiency Syndrome 


To the Editor.—I read the article by 
Katz and Berger' in the August 1989 
issue of the ARCHIVES with interest. 

The authors report that neurosyph- 
ilis was documented in 12 patients 
among 829 patients with acquired 
immunodeficiency syndrome (AIDS) 
(1.5%), and their conclusion is that 
AIDS and neurosyphilis occur to- 
gether frequently what is contrary not 
only to the experience of McArthur but 
also to their early experience with 
AIDS. McArthur’ observed one patient 
with neurosyphilis among 186 human 
immunodeficiency virus type 1-in- 
fected individuals and concluded that 
“active neurosyphilis is not common 
among those at risk for HIV infec- 
tion.” 

However, there is not any statisti- 
cally significant difference between 
McArthur’s and Katz and Berger’s 
data (P = .21). 

The association between syphilis 
and human immunodeficiency virus 
type 1 infection is well recognized. Ac- 
cording to Schultz et al, human im- 
munodeficiency virus seropositive ho- 
mosexual men are five times more 
likely to have serologic evidence of 
syphilis than are seronegative homo- 
sexual men. If the progression to neu- 
rosyphilis were more common and 
more rapid among human immunode- 
ficiency virus-infected individuals, the 
frequency of neurosyphilis would have 
increased in the past few years and 
probably would be higher than 1.5% in 
patients with human immunodefi- 
ciency virus type 1 infection. 

In a retrospective study performed 
in a public and large university-affil- 
iated hospital in São Paulo, Brazil, I 
could not find any statistically signif- 
icant difference between the frequen- 
cies of neurosyphilis in periods before 
and after the epidemic of AIDS.* Dur- 
ing 1979 and 1980, 9219 patients were 
submitted to a cerebrospinal fluid ex- 
amination and neurosyphilis was di- 
agnosed in 53 patients. Among 10168 
cerebrospinal fluid examinations per- 
formed during 1986 and 1987 there 
were 44 patients with neurosyphilis 
(P > .1). Six patients were also human 
immunodeficiency virus type 1 sero- 
positive, but their clinical forms were 
not different from the usual forms of 
neurosyphilis. 


Another point that should have been 
emphasized is the difficulty in the dif- 
ferential diagnosis between neuro- 
syphilis and central nervous system 
complications of human immunodefi- 
ciency virus type 1 infection. In case 4 
of Katz and Berger this seems to be 
demonstrated. In this case, the altered 
mental status and the cerebral atro- 
phy were considered indicative of gen- 
eral paresis, but these manifestations 
are also common in AIDS dementia 
complex.’ Similar difficulties can arise 
in patients with myelopathies and 
with ophthalmological diseases. Some- 
times only the follow-up period after 
penicillin treatment can shed some 
light on the differential diagnosis. 

RICARDO NITRINI, MD 
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Universidade de São Paulo 
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In Reply.—Although the incidence of 
neurosyphilis in our series of human 
immunodeficiency virus-infected pa- 
tients did not reach statistical signifi- 
cance when compared with the inci- 
dence reported by McArthur,' there is 
a marked increase in neurosyphilis in 
human immunodeficiency virus-in- 
fected patients vs non-human immun- 
odeficiency virus-infected patients. 
During the same time period, 15 cases 
of neurosyphilis were documented at 
our hospital in non-human immuno- 
deficiency virus-infected patients with 
a total of 29507 non-human immuno- 
deficiency virus-infected patients hos- 
pitalized for medical complaints, giv- 
ing an incidence of 0.05% in non- 
human immunodeficiency virus- 
infected patients. The incidence of 
neurosyphilis in human immunodefi- 
ciency virus-infected patients com- 
pared with non-human immunodefi- 
ciency virus-infected patients is cer- 
tainly significant (P < .0001), and we 
conclude that, in our population, neu- 
rosyphilis is relatively common in 
patients with acquired immunodefi- 
ciency syndrome. 

A recent report by DelRio and 
colleagues? supports the association 
between human immunodeficiency vi- 
rus infection and neurosyphilis. These 
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investigators ascribed an increase in 
the yearly prevalence of neurosyphilis 
from 0.95 per hundred cerebrospinal 
fluid samples in 1981 to 2.73 per hun- 
dred in 1988 to concomitant human 
immunodeficiency virus infection, es- 
pecially in patients who received prior 
treatment with benzathine penicillin. 

The true incidence of neurosyphilis 
that we reported was probably grossly 
underestimated for the following rea- 
sons: (1) The criteria used to establish 
the diagnosis of neurosyphilis were 
quite rigorous: all patients had a pos- 
itive cerebrospinal fluid VDRL test re- 
sult on nontraumatic lumbar punc- 
ture. The cerebrospinal fluid VDRL 
test has been shown to be a very 
specific but not very sensitive test in 
the diagnosis of neurosyphilis (with 
two independent studies showing a 
sensitivity as low as 27%).** Thus a 
number of cases of neurosyphilis were 
probably excluded from our study for 
having a negative cerebrospinal fluid 
VDRL test result. 

These cases were specifically ex- 
cluded because, as Dr Nitrini states, of 
the “difficulty in differential diagnosis 
between neurosyphilis and central 
nervous system complications of hu- 
man immunodeficiency virus infec- 
tion.” 

We acknowledge that an individual 
patient may have more than one dis- 
ease process. It is for this reason that 
we made our diagnostic criteria strict 
and undoubtedly excluded a large 
number of patients with abnormal 
cerebrospinal fluid test results (most 
commonly, elevated white blood cell 
count and protein level) neurologic 
findings, and a negative cerebrospinal 
fluid VDRL test result, who in fact had 
neurosyphilis. The neurologic, cere- 
brospinal fluid, and computed tomo- 
graphic findings in patient 4 are en- 
tirely consistent with general paresis,‘ 
although concomitant human immun- 
odeficiency virus encephalopathy (ac- 
quired immunodeficiency syndrome 
dementia complex) cannot be entirely 
excluded. However, the latter diagno- 
sis is made reluctantly when other po- 
tential causes of encephalopathy exist 
and biopsy specimens of the brain are 
not obtained. (2) Serologic tests for 
syphilis, which are usually the first 
screening tests performed, have been 
reported to be negative or significantly 
modified in human immunodeficiency 
virus-infected patients.‘ The true im- 
pact of this problem has yet to be 
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determined. 

In summary, we feel that, at least in 
our population, the incidence of neu- 
rosyphilis is much higher than cur- 
rently reported in both human immu- 
nodeficiency virus- and non-human 
immunodeficiency virus-infected pa- 
tients. Obviously, better diagnostic 
tests and good prospective studies in 
human immunodeficiency virus-in- 
fected patients with neurosyphilis are 
needed to evaluate the nature of this 
infection and its response to treatment 
in this patient group. 
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No Diaschisis After Stroke 


To the Editor.—Dobkin et al' assert 
that the reductions in cerebral blood 
flow in patients with unilateral stroke 
are due to cerebrovascular disease in 
the symptomatic hemisphere and di- 
aschisis in the contralateral hemi- 
sphere. However, their data show that 
the median cerebral blood flow in the 
region of the infarct, in the affected 
hemisphere, and in the contralateral 
hemisphere or homologous area to the 
infarct was the same and that all four 
of these values were below the 95% 


confidence limit of their normal con- 
trols. 

The most economical hypothesis is 
that stroke develops in patients witha 
diffuse impairment of cerebral blood 
flow. The depression in cerebral blood 
flow in the “normal” hemisphere was 
measured an average of 21 days after 
stroke,which hardly fits the reversi- 
bility criterion for cerebral diaschisis. 
Cerebral blood flow prior to stroke has 
already been reported in patients with 
basilar insufficiency. These studies all 
emphasize that stroke is a disease of 
the microcirculation and not of the 


plumbing in the neck. 
STEPHEN STOLZBERG, MD 
Portland Neurological Associates PC 
2800 N Vancouver, Suite 202 
Portland, OR 97227 
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In Reply.—Dr Stolzberg correctly 
points out that the mean cerebral 
blood flow values are lowered through- 
out all patient groups in our study.' We 
clearly state this throughout our arti- 
cle and illustrate it using appropriate 
figures. We do not argue with Dr 
Stolzberg’s contention that “strokeisa 
disease of the microcirculation” as we 
clearly point out that our finding of a 
strong correlation between ipsilateral 
and contralateral cerebral blood flow 
invokes either a mechanism of diaschi- 
sis or a diffuse effect of yet unidentified 
microcirculatory disease.! We do not 
discuss “plumbing” defects. 

We have already suggested in the 
concluding paragraph that the further 
study of cerebral blood flow following 
stroke will need to take into account 
such factors as exact age-matched con- 
trols, transient ischemia attack con- 
trol subjects rather than normal sub- 
jects, unilateral event and unilateral 
diseased subjects, and prospective 
data collection. We accept that con- 
tralateral cerebral blood flow reduc- 
tion is present and remain optimistic 
that our further studies can help con- 
tribute to the understanding as to why 


it is reduced. 
Ross L. LEVINE, MD 
JEFFREY A. DOBKIN, MD 
Positron Emission Center 
University of Wisconsin 
Madison, WI 53705 
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CONFERENCE OBJECTIVES 


I. Surgeons will explore current concepts in boneworking through lec- 
tures, conferences, and clinical procedures on video. 


OR personnel will participate in the same activities. 


II. Surgeons will participate in hands-on workshops with advanced 
pneumatic instrumentation so their boneworking problems will be 
refined, expedited, and facilitated. 


OR personnel will participate in hands-on workshops as well as give 
particular attention to equipment care and maintenance, so that 
when OR personnel have completed the course, they will have im- 

proved competence in OR support. 


III. Surgeons who have completed the symposium should be able to ap- 
ply immediately their amplified skills in the operating room to do 
their bonework per se in the time delineated:+ 


CRANIUM}: Osteoplastic terfiporal flap, 1% min. © Posterior craniec- 
tomy, 45-60 sec. * Osteoplastig posterior Chaniotomy, 1-2 min. ¢ Free tem- 
poral flap, 1 min. ° Burr. hole, »3 sec. $ Hemicraniotomy, 2 min. * 
Bilateral frontal flap, 31⁄2 min. ¢ Two ostedplastic subdural buttons, 2 

min. * Work about the, clivus *.Traction anchors ° Cranioplasty. 







CRANIOFACIAL, MAXILLOFACIALA: Frontal e Maxillectomy * 
Zygomectomy * Orbital e Supra:oybit y ‘Infra orbit e Mandibular resec- 
tion e Mandibular osteotomy * Mendibular reduction ¢ Facial fractures ¢ 
Ba % Suture holes. 








ine acoustic neuroma, 
bital fossa dissection. 


SPINEt: 4-Place laminectoiny A rs min. ° ve 

osteophyte removal,” mB e graft, Be nin, ° 
Posterior Y fusions-¢ -Foramino nie 
removals, 30 sec. e Harrington ród- emove S| 
tion in situ, 2 min. * Fusions =, posterior. and 
root problems ¢ | Unr oy PD S- ‘ aking a; 


BIOPLASTI¢S#: Malfinetioesie — dissect, \e%eise, shape ° 
Polyethylene’>—\abrade in siti dissëct in situ, IRP, in situ, shape. 


BIOMETALS?: (Superalloys, Titanium alloys, Stainless steels) Transect 
and shape in OR, 16 min.; in situ, 1-6 min. 


+Procedural times refer to the actual time of running the instrument. 


Surgeons will be furnished sufficient materials and advice necessary for 
any special procedure they may envision. Plastic, Craniofacial, Max- 
illofacial, and ENT problems will be explored according to the individual 

wishes of the surgeons. 


CONFERENCE HOURS: Most conferences begin at 7:00 a.m. and end 
at 1:00 p.m., allowing for other activities in the afternoon and evening. 


CREDITS: Each of these conferences qualifies for AMA-CME credit. 


FEE: Surgeon — US $965.00; Resident — US $585.00 (with letter from 
d ment head); All Operating Room Personnel (RN/CST/PA/Other) — 
US $250.00. Enroll by check and letter. All enrollments and fee payments 

are made through the Midas Rex Office in Fort Worth. 


For additional information, call or write. 


Join the more than 8,500 enrollees who have completed MIDAS REX 


“MODERN DISSECTION TECHNIQUES 
OF BONE, BIOMETALS, BIOCERAMICS, 


AND BIOPLASTICS” 
(NEURO 700) 


SYMPOSIA/HANDS-ON WORKSHOPS 


For Neurosurgeons, Plastic, Craniofacial, 
Maxillofacial, and Otolaryngological Surgeons 


EXTENSION SITES 


HILTON HEAD ISLAND, SC, JULY 23-24-25 
Cosponsored by the Hilton Head Island Neurosur- 
gical Symposium, 1990. (Immediately precedes the 
Hilton Head Island Neurosurgical Symposium.) 


MONTEREY, CA, AUGUST 6-7-8 
(Immediately precedes the North American Spine 
Society meeting August 9-12.) 


BOSTON, MA, AUGUST 22-23-24 
Cosponsored by Massachusetts General Hospi- 
tal, Department of Neurosurgery. 


LOS ANGELES, CA, OCTOBER 18-19-20 
(Immediately precedes the Congress of Neurolog- 
ical Surgeons meeting.) 


RICHMOND, VA, NOVEMBER 28-29-30 
Cosponsored by the Division of Neurosurgery of 
the Medical College of Virginia, Virginia Com- 
monwealth University. 


MEMPHIS, TN, DECEMBER 12-13-14 


PERMANENT SITES 


Hands-on workshops are held weekly in the permanent 
facility locations listed below. For schedules of these 
courses see permanent facility announcements else- 
where in this journal, or you may telephone to request a 
complete calendar of hands-on workshops. 


DALLAS/FORT WORTH, Home Office, 2929 

Race Street, Fort Worth, TX 

NEW YORK CITY, 115 East 6ist Street, 

Lower Level. 

THE PALM BEACHES, 529 25th Street, West 

Palm Beach, FL 

CHICAGO, 728 West Algonquin Road, iog: 
ton Heights, IL 

LOS ANGELES/ANAHEIM, 625 West Katella, 

Unit 22, Orange, CA 

SEATTLE, 547 Industry Drive, Tukwila, WA 


Enrollment is limited. Please call to reserve space 
before sending check or arranging travel plans. All 
enrollments are made through the home office in 
Fort Worth. 


Hands-On Workshops. 
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Patients suffering two or more migraines 
per month, or especially severe migraine 


attacks, may need more than abortive 
therapy. 





Prevention Other Agents Can’t Provide 
INDERAL® LA significantly reduces 

the frequency and severity of common- 
migraine headaches. 


Effective, well-tolerated migraine 
prevention is usually achieved with 
160 to 240 mg once daily. 


INDERAL* LA. The only agent 
indicated for long-term migraine 
prevention. 


Evaluate it for yourself. 


ONCE-DAILY 


NDERAL 





(PROPRANOLOL HCl) 3! om 
Stop migraine 


before it starts! 





Protect Your Rx: Indicate 


sul 


“Do Not Substitute” 





Please see next page for brief summary of prescribing information 


INDERAL LA should not be used in the presence of congestive heart failure, sinus 
bradycardia, cardiogenic shock, heart block greater than first degree, and bronchial 


WAT we AVERST 


asthma. 
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60.80.120.160mg 6O Mg 80mg 120mg 160 mg 


(PROPRANOLOL HCI) 


BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
INDERAL® LA brand of propranolol hydrochloride (Long Acting Capsules) 


DESCRIPTION. INDERAL LA is formulated to provide a sustained release of propranolol 
hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules. 


CLINICAL PHARMACOLOGY. INDERAL is a nonselective, beta-adrenergic receptor-blocking 
agent possessing no other autonomic nervous system activity. It specifically competes with 
beta-adrenergic receptor-stimulating agents for available receptor sites. When access to beta- 
receptor sites is blocked by INDERAL, the chronotropic, inotropic, and vasodilator responses to 
beta-adrenergic stimulation are decreased proportionately. 

INDERAL LA Capsules (60, 80,120, and 160 mg) release propranolol HCI at a controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours, 
and the apparent plasma half-life is about 10 hours. When measured at steady state over a 24- 
hour period the areas under the propranolol plasma concentration-time curve (AUCs) for the 
capsules are approximately 60% to 65% of the AUCs for a comparable divided daily dose of 
INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
propranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
hour period, blood levels are fairly constant for about twelve (12) hours, then decline 
exponentially. 

INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
propranolol and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
propranolol, a possible need for retitration upwards should be considered, especially to 
maintain effectiveness at the end of the dosing interval. In most clinical settings, however, 
such as hypertension or angina where there is little correlation between plasma levels and 
clinical effect, INDERAL LA has been therapeutically equivalent to the same mg-dose of 
conventional INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour 
exercise responses of heart rate, systolic pressure, and rate pressure product. INDERAL LA 
can provide effective beta blockade for a 24-hour period. 


INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the management of 
hypertension; it may be used alone or used in combination with other antihypertensive agents, 
particularly a thiazide diuretic. INDERAL LA is not indicated in the management of hypertensive 
emergencies. 

Angina Pectoris Due to Coronary Atherosclerosis: INDERAL LA is indicated for the long- 
term management of patients with angina pectoris. 

Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache. The 
efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use. 

Hypertrophic Subaortic Stenosis: INDERAL LA is useful in the management of hypertrophic 
subaortic stenosis, .especially for treatment of exertional or other stress-induced angina, 
palpitations, and syncope. INDERAL LA also improves exercise performance. The effectiveness 
of propranolol hydrochloride in this disease appears to be due to a reduction of the elevated 
outflow pressure gradient, which is exacerbated by beta-receptor stimulation. Clinical 
improvement may be temporary. 


CONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
bradycardia and greater than first-degree block; 3) bronchial asthma; 4) congestive heart failure 
(see WARNINGS), unless the failure is secondary to a tachyarrhythmia treatable with INDERAL. 


WARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component 
supporting circulatory function in patients with congestive heart failure, and its inhibition by beta 
blockade may precipitate more severe failure. Although beta blockers should be avoided in 
overt congestive heart failure, if necessary, they can be used with close follow-up in patients 
with a history of failure who are well compensated and are receiving digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of digitalis on heart muscle. 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response observed 
closely, or INDERAL should be discontinued (gradually, if possible), 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 


INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advisable 
to reinstitute INDERAL therapy and take other measures appropriate for the management 
of unstable angina pectoris. Since coronary artery disease may be unrecognized, it may 
be prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease who are given propranolol for other indications. 





Nonallergic Bronchospasm (eg, chronic bronchitis, emphysema)—PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA BLOCKERS. 
INDERAL should be administered with caution since it may block bronchodilation produced by 
endogenous and exogenous catecholamine stimulation of beta receptors. 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures. 

INDERAL, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its 
effects can be reversed by administration of such agents, eg, dobutamine or isoproterenol. 
However, such patients may be subject to protracted severe hypotension. Difficulty in starting 
and maintaining the heartbeat has also been reported with beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and sweating may not be significantly 
affected. Following insulin-induced hypoglycemia, propranolol! may cause a delay in the 
recovery of blood glucose to normal levels. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms of 
hyperthyroidism, including thyroid storm. Propranolol may change thyroid-function tests, 
increasing T4 and reverse T3, and decreasing T3. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 


requiring a demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
propranolol. 


PRECAUTIONS. GENERAL: Propranolol should be used with caution in patients with impaired 
hepatic or renal function. INDERAL is not indicated for the treatment of hypertensive 
emergencies. 

Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should be 
told that INDERAL may interfere with the glaucoma screening test. Withdrawal may lead to a 
return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reserpine 
should be closely observed if INDERAL (propranolol HCI) is administered. The added 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, 
or orthostatic hypotension. 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug, especially intravenous verapamil, for both agents may depress 
myocardial contractility or atrioventricular conduction. On rare occasions, the concomitant 
intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure or recent myocardial 
infarction. 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol. 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma levels 
of both drugs. 

Antipyrine and lidocaine have reduced clearance when used concomitantly with propranolol. 
Thyroxine may result in a lower than expected T} concentration when used concomitantly with 
propranolol. 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels. 

Theophylline clearance is reduced when used concomitantly with propranolol. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18-month 
Studies, in both rats and mice, employing doses up to 150 mg/kg/day, there was no evidence of 
significant drug-induced toxicity. There were no drug-related tumorigenic effects at any of the 
dosage levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. 

PREGNANCY: Pregnancy Category C: INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 

Cardiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypotension; 
paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the Raynaud 


pe. 

Ceniral Nervous System: Light-headedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; vivid dreams; an acute reversible syndrome characterized by 
disorientation for time and place, short-term memory loss, emotional lability, slightly clouded 
sensorium, and decreased performance on neuropsychometrics. For immediate formulations, 
fatigue, lethargy, and vivid dreams appear dose related. 

Gastrointestinal: Nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: Pharyngitis and agranulocytosis, erythematous rash, fever combined with aching and 
sore throat, laryngospasm, and respiratory distress. 

Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Auto-immune: In extremely rare instances, systemic lupus erythematosus has been reported. 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving the 
skin, serous membranes, and conjunctivae reported for a beta blocker (practolol) have not been 
associated with propranolol. 


DOSAGE AND ADMINISTRATION: INDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval. 
HYPERTENSION—Dosage must be individualized. The usual initial dosage is 80 mg INDERAL 
LA once daily, whether used alone or added to a diuretic. The dosage may be increased to 120 
mg once daily or higher until adequate blood pressure control is achieved. The usual 


maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 mg may . 


be required. The time needed for full hypertensive response to a given dosage is variable and 
may range from a few days to several weeks. 

ANGINA PECTORIS—Dosage must be individualized. Starting with 80 mg INDERAL LA once 
daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

If treatment is to be discontinued, reduce dosage gradually over a period of a few weeks {see 
WARNINGS). 

MIGRAINE—Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA once 
daily. The usual effective dose range is 160-240 mg once daily. The dosage may be increased 
gradually to achieve optimal migraine prophylaxis. If a satisfactory response is not obtained 
within four to six weeks after reaching the maximal dose, INDERAL LA therapy should be 
discontinued. It may be advisable to withdraw the drug gradually over a period of several weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS-—80-160 mg INDERAL LA once daily. 

PEDIATRIC DOSAGE-At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. 


© 1990, Wyeth-Ayerst Laboratories. 63068 
» WYETH-AYERST 
* The appearance of these capsules is a registered LABORATORIES 
trademark of Wyeth-Ayerst Laboratories. ™ Philadelphia, PA 19101 
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pergolide# mesylate 
An added dimension 

in the treatment of 
Parkinson's disease 


An adjunct to levodopa /carbidopa D = aos 
in the management of patients with — 
Parkinson’s disease 


@ The first dopamine agonist indicated for 
Parkinson's disease with activity at both 
D, and D: receptors 

@ 10) to 1,000 times more potent than bromo- 
criptine on a milligram-per-milligram basis 

@ Improves patients’ functioning in activities 
of daily living, relieves signs and symptoms, 
and reduces “off” time 

@ May allow a significant reduction in 
levodopa dosage 

@ Most common adverse events were dyskinesia, 
nausea, dizziness, and hallucinations 

@ Hypotension may occur, especially early in 
the course of therapy 


Stepwise titration without regard to meals 


Available in 0.05-mg, 0.25-mg, and 1-mg 
scored tablets 


Permax performs 


Silly 


Artist's conception of dopamine agonism in the synapse 


See adjacent page for prescribing (nformation 





Permax“ 


pergolide mesylate 
Briet Summary. Consult the package literature for complete information. 


Indications and Usage: Permax is indicated as adjunctive treatment to 
levodopa/carbidopa in the management of the signs and symptoms of Parkin- 
son's disease. 

Evidence to support the efficacy of pergolide mesylate as an antiparkinso- 
nian adjunct was obtained in a multicenter study enrolling 376 patients with 
mild to moderate Parkinson's disease who were intolerant to cep od 
Carbidopa as manifested by moderate to severe dyskinesia and/or on-off phe- 
nomena. On average, the sample of patients evaluated had been on levodopa/ 
carbidopa for 3.9 years (range, two days to 16.8 years). The administration of 

ergolide mesylate permitted a 5% to 30% reduction in the daily dose of 
evodopa. On average, these patients treated with pergolide mesylate main- 
tained an equivalent or better clinical status than they exhibited at baseline. 


Contraindications: Pergolide mesylate is contraindicated in patients who are 
hypersensitive to this drug or other ergot derivatives. 


Warnings: Symptomatic Hypotension —In clinical trials, approximately 10% 
of patients taking pergolide mesylate with levodopa vs 7% taking placebo with 
levodopa experienced symptomatic orthostatic and/or sustained hypotension, 
especially during initial treatment. With gradual dosage titration, tolerance to 
the hypotension usually develops. It is, therefore, important to warn patients of 
the risk, to begin therapy with low doses, and to increase the dosage in care- 
fully adjusted increments over a period of three to four weeks. 

Hallucinosis —\n controlled trials, pergolide mesylate with levodopa caused 
nallucinosis in about 14% of patients as opposed to 3% taking placebo with 
levodopa This was of sufficient severity to cause discontinuation of treatment 
in about 3% of those enrolled; tolerance to this untoward effect was not 
observed 

Fatalities —In the placebo-controlled trial, two of 187 patients treated with 
placebo died as compared with one of 189 patients treated with pergolide 
mesylate Ofthe 2,299 patients treated with pergolide mesylate in premarketing 
studies evaluated as of October 1988, 143 died while on the drug or shortly 
after discontinuing the drug. The patient population under evaluation was 
elderly, ill, and at high risk for death. It seems unlikely that pergolide mesylate 
played any role in these deaths, but the possibility that pergolide shortens sur- 
vival of patients cannot be excluded with absolute certainty. 

In particular, a case-by-case review of the clinical course of the patients who 
died failed to disclose any unique set of signs, symptoms, or laboratory results 
that would suggest that treatment with pergolide caused their deaths. Sixty- 
eight percent (68%) of the patients who died were 65 years of age or over. No 
death (other than a suicide) occurred within the first month of treatment: most 
of the patients who died had been on pergolide for years. A relative frequency of 
the causes of death by organ system are: pulmonary failure/pneumonia, 35%; 
cardiovascular, 30%; cancer, 11%; unknown, 8.4%, infection, 3.5%; extrapyra- 
midal syndrome, 3.5%; stroke, 2.1%; dysphagia, 2.1%; injury, 1.4%; suicide, 
1.4%; dehydration, 0.7%; glomerulonephritis, 0.7%. 


Precautions: Genera/ —Caution should be exercised when administering 
pergolide mesylate to patients prone to cardiac dysrhythmias 

In a study comparing pergolide mesylate and placebo, patients taking 
pergolide mesylate were found to have significantly more episodes of atrial 
premature contractions (APCs) and sinus tachycardia 

The use of pergolide mesylate in patients on levodopa may cause and/or 
exacerbate preexisting states of confusion and hallucinations (see Warnings). 
Also, the abrupt discontinuation of pergolide mesylate in patients receiving it 
chronically as an adjunct to levodopa may precipitate the onset of hallucina- 
tions and confusion; these may occur within a span of several days. Discontin- 
uation of pergolide should be undertaken gradually whenever possible, even if 
the patient is to remain on levodopa. 

The administration of pergolide mesylate to patients receiving levodopa may 
Cause and/or exacerbate preexisting dyskinesia. 

Information for Patients —Patients and their families should be informed of 
the common adverse consequences of the use of pergolide mesylate (see 
Adverse Reactions) and the risk of hypotension (see Warnings) 

Patients should be advised to notify their physician if they become pregnant 
or intend to become pregnant during therapy 

— should be advised to notify their physician if they are breast feeding 
an infant 

Laboratory Tests —No specific laboratory tests are deemed essential for the 
management of patients on Permax. Periodic routine evaluation of all patients, 
however, is appropriate 

Drug Interactions —Dopamine antagonists, such as the neuroleptics (phe- 
nothiazines, butyrophenones, thioxanthines) or metoclopramide, ordinarily 
should not be administered concurrently with Permax (a dopamine 
agonist); these agents may diminish the effectiveness of Permax 

Because pergolide mesylate is approximately 90% associated with plasma 
proteins, caution should be exercised if pergolide mesylate is coadministered 
with other drugs known to affect protein binding. 

Carcinogenesis, Mutagenesis, and Impairment of Fertility —A two-year 
Carcinogenicity study was conducted in mice using dietary levels of pergolide 
mesylate equivalent to oral doses of 0.6, 3.7, and 36.4 mg/kg/day in males and 
0.6, 4.4, and 40.8 mg/kg/day in females. A two-year study in rats was con- 
ducted using dietary levels equivalent to oral doses of 0.04, 0.18, and 0.88 
mg/kg/day in males and 0.05, 0.28, and 1.42 mg/kg/day in females. The 
highest doses tested in the mice and rats were approximately 340 and 12 times 
the maximum human oral dose administered in controlled clinical trials (6 mg/ 
day equivalent to 0.12 mg/kg/day) 

A low incidence of uterine neoplasms occurred in both rats and mice. 
Endometrial adenomas and carcinomas were observed in rats. Endometrial 
sarcomas were observed in mice. The occurrence of these neoplasms is prob- 
ably attributable to the high estrogen/progesterone ratio which would occur in 
rodents as a result of the prolactin-inhibiting action of pergolide mesylate. The 
endocrine mechanisms believed to be involved in the rodents are not present in 
humans. However, even though there is no known correlation between uterine 
malignancies occurring in pergolide-treated rodents and human risk, there are 
no human data to substantiate this conclusion. 

Pergolide mesylate was evaluated for mutagenic potential in a battery of 
tests that included an Ames bacterial mutation assay, a DNA repair assay in 
Cultured rat hepatocytes, a point-mutation assay in cultured L5178Y cells, and 
a determination of chromosome alteration in bone marrow cells of Chinese 
hamsters. A weak mutagenic response was noted in the in vitro mammalian 
cell-point-mutation assay using L5178Y cells only after metabolic activation 
with rat liver microsomes. No mutagenic effects were obtained in the two other 
in vitro assays and in the in vivo assay. The relevance of these findings to 
humans is unknown. 

A fertility study in male and female mice showed that fertility was maintained 
at 0.6 and 1.7 mg/kg/day but decreased at 5.6 mg/kg/day. Prolactin has been 
reported to be involved in stimulating and maintaining progesterone levels 
required for implantation in mice and, therefore, the impaired fertility at high 
dose may occur because of depressed prolactin levels. 

Usage in Pregnancy—Pregnancy Category B —Reproduction studies were 
conducted in mice at doses of 5, 16, and 45 mg/kg/day and in rabbits at doses 
of 2, 6, and 16 mg/kg/day. The highest doses tested in mice and rabbits were 
375 and 133 times the 6 mg/day maximum human dose administered in con- 
trolled clinical trials. Inthese studies, there was no evidence of harmto the fetus 
due to pergolide mesylate. 

There are, however, no adequate and well-controlled studies in pregnant 
women. Among women who received pergolide mesylate for endocrine disor- 


Permax® (pergolide mesylate, Lilly) 
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ders in premarketing studies, there were 33 pregnancies that resulted in healthy 
babies and four pregnancies that resulted in congenital abnormalities (two 
major, two minor); a Causal relationship has not been established. Because 
human data are limited and because animal reproduction studies are not 
always predictive of human response, this drug should be used during preg- 
nancy only if clearly needed. 

Nursing Mothers —It is not known whether this drug is excreted in human 
milk. The pharmacologic action of pergolide mesylate suggests that it may 
interfere with lactation. Because many drugs are excreted in human milk and 
because of the potential for serious adverse reactions to pergolide mesylate in 
nursing infants, a decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug to the 
mother. 

i al Use —Satety and effectiveness in children have not been estab- 
iS 


Adverse Reactions: Commonly Observed —In premarketing clinical trials, the 
most commonly observed adverse events associated with use of pergolide 
mesylate which were not seen at an equivalent incidence among placebo- 
treated patients were: nervous system complaints, including dyskinesia, hallu- 
Cinations, somnolence, insomnia; cigestive complaints, including nausea, 
constipation, diarrhea, dyspepsia; and respiratory system complaints, includ- 
ing rhinitis. 

Associated With Discontinuation of Treatment —Twenty-seven percent 
(27%) of approximately 1,200 patients receiving pergolide mesylate for treat- 
ment of Parkinson's disease in premarketing clinical trials inthe US and Canada 
discontinued treatment due to adverse events. The events most commonly 
Causing discontinuation were relatec to the nervous system (15.5%), primarily 
hallucinations (7.8%) and contusion (1.8%). 

Fatalities—See Warnings. 

Incidence in Controlled Clinical Trials —The table that follows enumerates 
adverse events that occurred at a frequency of 1% or more among patients 
taking pergolide mesylate who participated in the premarketing controlled clin- 
ical trials comparing pergolide mesylate with placebo. In a double-blind, con- 
trolled study of six months’ duration, patients with Parkinson's disease were 
continued on levodopa/carbidopa and were randomly assigned to re- 
ceive either pergolide mesylate or placebo as additional therapy 

The prescriber should be aware that these figures cannot be used to precict 
the incidence of side effects in the course of usual medical practice where 
patient characteristics and other factors differ from those which prevailed 
in the clinical trials. Similarly, the cited frequencies cannot be compared with 
figures obtained from other clinical investigations involving different treat- 
ments, uses, and investigators. The cited figures, however, do provide the pre- 
scribing physician with some basis for estimating the relative contribution of 
pti = nondrug factors to the side-effect incidence rate in the population 
studie 


Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlled Clinical Trial 
Percentage of Patients Reporting Events 
Pergolide Mesylate Placebo 
N=189 N=187 


Body System/ 
Adverse Event’ 


Body as a Whole 
Pain 
Abdominal pain 
Injury, accident 
Headache 
Asthenia 
Chest pain 
Flu syndrome 
Neck pain 
Back pain 
Surgical procedure 
Chills 
Face edema 
Infection 

Cardiovascular 


Postural hypotension 
Vasodilatation 
Palpitation 
Hypotension 
Syncope 
Hypertension 
Arrhythmia 
Myocardial infarction 


Digestive 
Nausea 
Constipation 
Diarrhea 
Dyspepsia 
Anorexia 
Dry mouth 
Vomiting 

Hemic and Lymphatic 
Anemia 

Metabolic and Nutritional 


Peripheral edema 

Edema 

Weight gain 
Musculoskeletal 


Arthralgia 
Bursitis 
Myalgia 
Twitching 
Nervous System 
Dyskinesia 
Dizziness 
Hallucinations 
Dystonia 
Confusion 
Somnolence 
Insomnia 
Anxiety 
Tremor 
Depression 
Abnormal dreams 
Personality disorder 
Psychosis 
Abnormal gait 
Akathisia 
Extrapyramidal syndrome 
Incoordination 
Paresthesia 
Akinesia 
Hypertonia 
Neuralgia 
Speech disorder 
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Permax” (pergolide mesylate, Lilly) 


Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlled Clinical Trial 
Percentage of Patients Reporting Events 


Pergolide Mesylate Placebo 
N=189 N=187 


Body System 
Adverse Event* 


Respiratory System 
Rhinitis 12.2 
Dyspnea 48 
Epistaxis 1.6 
Hiccup A 
Skin and Appendages s 
Rash 3.2 
Sweating 21 
Special Senses 


Abnormal vision 5 
Diplopia 2 
Taste perversion 1 
Eye disorder 1 


Urogenital System 
Urinary frequency 2 
Urinary tract infection 2 
Hematuria 1.1 < 


"Events reported by at least 1% of patients receiving pergolide mesylate are 
included. 


6.4 
3.7 
1 


Events Observed During the Premarketing Evaluation of Permax —This sec- 
tion reports event frequencies evaluated as of October 1988 for adverse events 
ocurring in a group of approximately 1,800 patients who took multiple doses of 
pergolide mesylate. The conditions and duration of exposure to pergolide 
mesylate varied greatly involving well-controlled studies as well as experience 
in open and uncontrolled clinical settings. In the absence of appropriate con- 
trols in some of the studies, a causal relationship between these events and 
treatment with pergolide mesylate cannot be determined. 

The following enumeration by organ system describes events in terms of 
their relative frequency of reporting in the data base. Events of major clinical 
i est are also described in the Warnings and Precautions sections 

he following definitions of frequency are used: frequent adverse events are 
defined as those occurring in at least 1/100 patients; infrequent adverse evegts 
are those occurring in 1/100 to 1/1,000 patients: rare events are those occur- 
ring in fewer than 1/1,000 patients. 
as a Whole — Frequent: headache, asthenia, accidental injury, abdom- 
inal pain, chest pain, back pain, flu syndrome, neck pain, fever. Infrequent: 
facial edema, chills, enlarged abdomen, malaise, neoplasm, hernia, pelvic 
pain, Sepsis, cellulitis, Moniliasis, abscess, jaw pain, hypothermia; Rare: acute 
abdominal syndrome, LE syndrome 

Cardiovascular System — frequent: postural hypotension, syncope, hyper- 
tension, palpitations, vasodilatations, congestive heart failure: /nfrequent: 
myocardial infarction, tachycardia, heart arrest, abnormal electrocardiogram, 
angina pectoris, thrombophlebitis, bradycardia, ventricular extrasystoles, 
cerebrovascular accident, ventricular tachycardia, cerebral ischemia, atrial 
fibrillation, varicose vein, pulmonary embolus, AV block, shock; 
Rare: vasculitis, pulmonary hypertension, pericarditis, migraine, heart block, 
cerebral hemorrhage 

Digestive System — Frequent: nausea, vomiting, dyspepsia, diarrhea, con- 
stipation, dry mouth, dysphagia; /nfrequent: flatulence, abnormal liver function 
tests, increased appetite, salivary gland enlargement, thirst, gastroenteritis, 
gastritis, periodontal abscess, intestinal obstruction, nausea and vomiting, 
gingivitis, esophagitis, cholelithiasis, tooth caries, hepatitis, stomach ulcer, 
melena, hepatomegaly, hematemesis, eructation, Rare: sialadenitis, peptic 
ulcer, pancreatitis, jaundice, glossitis, fecal incontinence, duodenitis, colitis, 
cholecystitis, aphthous stomatitis, esophageal ulcer 

Endocrine System —/nfrequent: hypothyroidism, adenoma, diabetes melli- 
tus, ADH inappropriate; Rare: endocrine disorder, thyroid adenoma 

Hemic and _— System —Frequent: anemia; Infrequent: leukopenia, 
lymphadenopathy, leukocytosis, thrombocytopenia, petechia, megaloblastic 
anemia, cyanosis; Rare: purpura, lymphocytosis, eosinophilia, thrombo- 
cythemia, acute Pate py leukemia, polycythemia, splenomegaly 

Metabolic and Nutritional System — frequent: peripheral edema, weight 
loss, weight gain; Infrequent: dehydration, hypokalemia, hypoglycemia,iron 
deficiency anemia, hyperglycemia, gout, hypercholesteremia: Rare. elec- 
trolyte imbalance, cachexia, acidosis, hyperuricemia 

Musculoskeletal System — Frequent: twitching, myalgia, arthralgia, /nfre- 
quent: bone pain, tenosynovitis, myositis, bone sarcoma, arthritis; Aare. 
osteoporosis, muscle atrophy, osteomyelitis 

Nervous System —Frequent: dyskinesia, dizziness, hallucinations, confu- 
sion, somnolence, insomnia, dystonia, paresthesia, depression, anxiety, 
tremor, akinesia, extrapyramidal syndrome, abnormal gait, abnormal dreams, 
incoordination, psychosis, personality disorder, nervousness, choreoatheto- 
Sis, amnesia, paranoid reaction, abnormal thinking; /nfrequent: akathisia, neu- 
ropathy, neuralgia, hypertonia, delusion, convulsion, libido increased, 
euphoria, emotional lability, libido decreased, vertigo, myoclonus, coma, apa- 
thy, paralysis, neurosis, hyperkinesia, ataxia, acute brain syndrome, torticollis, 
meningitis, manic reaction, hypokinesia, hostility, agitation, hypotonia: Rare: 
stupor, neuritis, intracranial hypertension, hemiplegia, facial paralysis, brain 
edema, myelitis, hallucinations and confusion after abrupt discontinuation 

Respiratory System — Frequent: rhinitis, dyspnea, pneumonia, pharyngitis. 
cough increased; /nfrequent: epistaxis, hiccup, sinusitis, bronchitis, voice 
alteration, hemoptysis, asthma, lung edema, pleural effusion, laryngitis, 
emphysema, apnea, hyperventilation; Rare: pneumothorax, lung fibrosis, 
larynx edema, hypoxia, hypoventilation, hemothorax, carcinoma of lung 

kin and Appendages System — Frequent: sweating, rash; Infrequent: skin 
discoloration, pruritus, acne, skin ulcer, alopecia, dry skin, skin carcinoma, 
seborrhea, hirsutism, herpes simplex, eczema, fungal dermatitis, herpes 
zoster, Rare: vesiculobullous rash, subcutaneous nodule, skin nodule, skin 
benign neoplasm, lichenoid dermatitis é 

Special Senses System — Frequent: diplopia; Infrequent: otitis media, con- 
junctivitis, tinnitus, deafness, taste perversion, ear pa eye pain, glaucoma, 
eye hemorrhage, photophobia, visual field defect, Rare: blindness, cataract, 
retinal detachment, retinal vascular disorder 

Urogenital System — Frequent: urinary tract infection, urinary trequency, 
urinary incontinence, hematuria, dysmenorrhea; /nfrequent: dysuria, breast 
pain, menorrhagia, impotence, cystitis, urinary retention, abortion, vaginal 
hemorrhage, vaginitis, priapism, kidney calculus, fibrocystic breast, lactation, 
uterine hemorrhage, urolithiasis, salpingitis, pyuria, metrorrhagia, menopause, 
kidney failure, breast carcinoma, cervical carcinoma; Rare: amenorrhea, blad- 
der carcinoma, breast engorgement, epididymitis, hypogonadism, leukorrhea, 
nephrosis, pyelonephritis, urethral pain, uricaciduria, withdrawal bleeding 
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Neurological Findings in Alzheimer’s Disease 


and Normal Aging 


Douglas Galasko, MD; Pow F. Kwo-on-Yuen, MD; Melville R. Klauber, PhD; Leon J. Thal, MD 


è To determine the potential value of 
abnormal neurological findings as mark- 
ers of Alzheimer’s disease (AD) and their 
relationship to the stage of AD, we com- 
pared standardized neurological examina- 
tions in 135 community-dwelling patients 
with AD and 91 nondemented elderly indi- 
viduals. After correcting for differences in 
age and education between the two 
groups, we found that rigidity, stooped 
posture, graphesthesia, neglect of simul- 
taneous tactile stimuli (face-hand test), 
and snout, grasp, and glabella reflexes 
were present significantly more often in 
patients with AD than in control subjects. 
These findings increased in prevalence in 
patients with AD according to the severity 
of dementia. However, in a multivariate lo- 
gistic regression model only the grasp re- 
flex, graphesthesia, and the face-hand 
test were statistically significantly associ- 
ated with the degree of cognitive impair- 
ment. Although abnormal neurological 
findings occur regularly in AD, they are too 
infrequent early in the course of AD to 
serve as diagnostic markers. Prospective 
studies are needed to determine whether 
patients with the early onset of extrapyra- 
midal or other findings form a distinct sub- 
group of AD. 

(Arch Neurol. 1990;47:625-627) 


[2 Alzheimer’s disease (AD) neuro- 

logical signs other than the findings 
on mental status examination are fre- 
quently noted. Several studies have 
reported that primitive reflexes, im- 
paired stereognosis and graphesthe- 
sia, increased muscle tone, tremor, 
mild dysmetria, and gait abnormali- 
ties are present in many patients with 
AD. Attempts have been made to 
distinguish between subtypes of AD, 
based on findings such as myoclonus or 
extrapyramidal features.** The possi- 
ble significance of these neurological 
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signs is complicated by two factors 
that have not been adequately con- 
trolled in previous studies. First, cer- 
tain neurological signs are associated 
with normal aging, including impair- 
ment of upward gaze,’ decreased vi- 
bration sense at the ankles, flexed pos- 
ture, abnormal gait, general poverty of 
movement, and the emergence of prim- 
itive reflexes.*’ A control group of non- 
demented elderly individuals is nec- 
essary to assess the effect of aging 
independent of dementia on the 
neurological examination. Second, the 
severity of dementia influences the 
neurological findings, since abnormal- 
ities occur more frequently in ad- 
vanced stages of AD. Studies that have 
reported a high rate of positive find- 
ings in AD have examined patients 
late in the course of AD, often when 
the patients were in nursing homes."° 

We therefore decided to investigate 
the clinical importance of abnormal 
neurological findings in AD and their 
relationship to the severity of demen- 
tia. By studying a large group of pa- 
tients with AD with mild to moderate 
dementia and a group of cognitively 
normal elderly control subjects, we at- 
tempted to control for the effects of 
aging on the nervous system. 


PATIENTS AND METHODS 


We studied patients with dementia and 
elderly control subjects enrolled at the 
Alzheimer’s Disease Research Center at the 
University of California, San Diego. Neu- 
rologists working at the Alzheimer’s Dis- 
ease Research Center performed standard- 
ized neurological examinations on all sub- 
jects, who also received an extensive 
battery of neuropsychological tests, as well 
as laboratory and neuroradiological stud- 
ies. Two neurologists used this information 
to assign a diagnosis to each subject. In de- 
mented patients, probable AD was diag- 
nosed according to the National Institute of 
Neurological Disorders and Stroke-Alzhe- 
imer’s Disease and Related Disorders As- 
sociation guidelines.'! In this study, we ex- 
cluded subjects with conditions likely to 
produce abnormal neurological findings, in 
particular stroke, Parkinson’s disease, and 
exposure to neuroleptics. One hundred thir- 
ty-five patients met the clinical criteria for 
the diagnosis of AD; there were 91 normal 
control subjects. 


We grouped many items in the neurolog- 
ical examination into categories such as 
cranial nerves, primary sensory modalities, 
or coordination. Instead of combining ex- 
trapyramidal features into one category, 
we rated several components of the park- 
insonian or extrapyramidal syndrome, 
namely tremor, rigidity, bradykinesia, 
masked facies, stooped posture, and pos- 
tural instability. We assessed gait by 
watching subjects rise from a chair, walk a 
short distance, turn around, and walk back; 
an overall impression of normal or abnor- 
mal was scored. To rate frontal release 
signs, we followed standardized procedures 
for the grasp, glabella, snout, and suck 
reflexes.'*'* Inattention to simultaneous 


tactile stimuli was assessed by the face- 


hand test." 

In the AD and control groups, we com- 
pared age, gender, education, and the prev- 
alence of each neurological finding. We cor- 
rected for the differences in mean age and 
years of education between patients with 
AD and control subjects by stratifying 
subjects for these variables when calculat- 
ing the odds ratios for each neurological 
finding. Two-by-two tables were con- 
structed for each neurological finding and 
odds ratios were calculated from the cross- 
products. When zeros were present in any 
two-by-two table, 0.5 was added to all cells. 
Yates’ corrected x? or Fisher’s Exact Test 
were used to calculate statistical signifi- 
cance. Whenever a neurological finding was 
confounded by age or education at a 25% 
level of significance, the Mantel-Haenszel 
procedure was employed. Because we made 
multiple statistical comparisons between 
the AD and control groups, a conservative 
P value of .01 or less was regarded as sta- 
tistically significant. 

To stage the severity of dementia, we 
used the number of errors on the Blessed 
Information Memory Concentration test 
(BIMC),'* a screening mental status test 
whose scores correlate with the severity of 
histopathological changes in the brains of 
patients with AD. The patients with AD 
were divided into four groups representing 
very mild (0 to 8 errors), mild (9 to 16 
errors), moderate (17 to 23 errors), and se- 
vere impairment of cognition (24 to 33 
errors). For each stage of dementia, we cal- 
culated the prevalence of those neurological 
abnormalities that retained significance af- 
ter controlling for age and education. Lo- 
gistic regression analysis was performed 
using these neurological findings as depen- 
dent variables and the BIMC score as the 
predictive variable. 


Alzheimer’s Disease—Galasko et al 625 


fal 


Table 1.—Demographic Data * 


Control Patients 
Subjects With AD 
69.2 + 7.0 tae. = Bat 
1:1.8 1:1.3 
15.3 + 2.9 12.9.2 3.2 













Age, y 

Sex, M:F 
Education, y 
Duration of 








dementia, y ne 45+29 
BIMC test ta + 1:2 16.8 + 6.9 
MMSE ont = iz. £64 
Dementia 






Rating Scale 139.3 





*Values are means + SDs. AD indicates Alzhei- 
mer's disease; M, male; F, female; BIMC, Blessed In- 
formation Memory Concentration; and MMSE, Mini- 
Mental State Examination. 


RESULTS 


Demographic features of the sub- 
jects are shown in Table 1. On average, 
the patients with AD were 3.1 years 
older than the control subjects 
(P = .002, Mann-Whitney U), and had 
less than 2.4 years of education than 
the control subjects (P < .001). There 
was a similar ratio of men to women in 
each group. For the patients with AD 
the number of errors on the BIMC test 
ranged from 6 to 32, with a mean of 
16.8. Performance on two other screen- 
ing tests, the Mini-Mental State 
Examination!’ and the Dementia Rat- 
ing Scale'* was normal for the control 
subjects and impaired in the AD 
group. 

Table 2 shows the neurological find- 
ings in the patients with AD and con- 
trol subjects. After correction for the 
slightly greater age and fewer years of 
education of the AD group when nec- 
essary, the following items were sig- 
nificantly associated with AD ata1% 
level: rigidity, stooped posture, im- 
paired graphesthesia, the face-hand 
test, and the glabella, grasp, and snout 
reflexes. In addition, cogwheeling, 
masked facies, and gait abnormalities 
were common in patients with AD but 
not statistically significant at the 1% 
level. 

When the patients with AD were 
stratified by severity of dementia ac- 
cording to their BIMC scores, the prev- 
alence of abnormal neurological find- 
ings increased with stage (Figure). Ri- 
gidity (P = .02, Fisher’s Exact Test) 
and the glabella reflex (P = .02) were 
the only neurological findings whose 
prevalence was significantly higher 
when patients with very mild AD (0 to 
8 errors on the BIMC test) were com- 
pared with the control group. In the 
multivariate logistic regression mod- 
els using each neurological sign 
against BIMC score, only the grasp re- 
flex (P = .013), impaired graphesthe- 
sia (P = .001), and the face-hand test 
(P = .0015) were significantly associ- 
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Table 2.— Neurological Findings in Patients With AD and Control Subjects * 


Patients Control 

Abnormal Finding With AD, % Subjects, % Odds Ratio 
Cranial nerves 51 49 0.92 .87 

Upgaze 21 25 0.76 .49 
Weakness (UMN)t 3 8 0.87 1.0 
Tremor 16 12 1.34 .59 
Rigidity 14 O 30.76 <.001 
Cogwheeling 7 (0) 13.74 .03 
Masked facies t2 2 5.98 .02 
Bradykinesiat 5 O 2.34 12 
Myoclonus 2 0 4.83 .40 
Coordination 12 4 3.00 .08 
Sensationt 8 

Vibration senset 4 

Graphesthesiat 1 : 
Tendon reflexes 53 64 1.60 .12 
Babinski’s signł e] 1 9.43 08 
Stooped posturet 16 1 13.01 001 
Gait abnormality tł 39 22 2.33 04 
Parkinsonian gaitt 4 1.73 74 
Snoutt ¢ 46 24 3.53 <.001 
Sucktt 21 10 2.39 09 
Graspt 17 4 4.61 .006 
Glabellat 27 4 8.19 <.001 
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| Errors on BIMC in Patients With AD | 














* AD indicates Alzheimer’s disease; UMN, upper motor neuron; other P values are x° or Fisher's Exact Test. 
tControlled for age. 
¢Controlled for education, Mantel-Haenszel method. 
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Neurological findings vs number of errors on the Blessed Information Memory Concentration (BIMC) 
test in control subjects and in patients with Alzheimer’s disease (AD). 


ated with the severity of cognitive im- 
pairment. 


COMMENT 


Any article on neurological findings 
associated with AD needs to consider 
the “background noise” of normal ag- 
ing. Our control group comprised 
healthy, well-educated elderly individ- 
uals who had a similar prevalence of 
oculomotor, tendon reflex, and coordi- 


nation abnormalities compared with 
previous studies.” Data on primitive 
reflexes show considerable variance, 
since criteria for these signs differ. Our 
figures for primitive reflexes in normal 
elderly subjects are similar to those of 
Jenkyn et al,’ although we found a 
positive glabella reflex less often and 
the snout reflex more often. Mild ex- 
trapyramidal features, especially 
masked facies, bradykinesia, and 
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stooped posture are difficult to assess. 
We rated these findings conserva- 
tively, which may account for their 
relatively low prevalence in our con- 
trol subjects. 

Several neurological signs occurred 
statistically more frequently in the 
patients with AD than in the control 


subjects (Table 2). Our results agreed 


with a similar study of Huff et al' re- 
garding release signs and impaired 


graphesthesia, but differed for gait, 


coordination testing, and rigidity. 
There are several potential explana- 
tions for the discrepancies. Gait ab- 
normalities in the elderly are often 
nonspecific and their prevalence in- 
creases with age’; on average our con- 
trol subjects were 7.3 years older than 
those in Huff and coworkers’ study.’ 
We noted a lower prevalence of abnor- 
malities on the finger-to-nose test and 
rapid alternating movements, in 
which we scored questionable abnor- 
malities as normal. We accepted only 
rigidity as increased tone, and chose to 
ignore gegenhalten because of its un- 
certain localizing value. Regardless of 
the slightly different results of the two 
studies, ours and the study by Huff et 
al, motor findings and primitive re- 
flexes did not reliably distinguish mild 
AD from normal aging. 
Graphesthesia and the face-hand 
test worsened with the overall severity 
of dementia in the AD group, but were 
frequently normal in mildly demented 
patients. When used to distinguish 
mild AD (0 to 16 errors on BIMC) from 
control subjects, the face-hand test 
had a sensitivity of 26% and a speci- 
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ficity of 92%; impaired graphesthesia 
had a sensitivity of 12% and a simi- 
larly high specificity. These tests of 
sensory discrimination may comple- 
ment mental status tests in supporting 
the clinical diagnosis of AD. 

The cross-sectional nature of our 
study does not permit a direct exami- 
nation of sequential changes of neuro- 
logical findings as AD progresses. 
However, using neurological findings 
and BIMC scores in a logistic regres- 
sion model, we found that impaired 
graphesthesia, the face-hand test, and 
the grasp reflex correlated signifi- 
cantly with severity of cognitive im- 
pairment, whereas flexed posture and 
rigidity did not. This may indicate that 
extrapyramidal findings are not nec- 
essarily related to severity, but repre- 
sent a subtype of AD. We recently re- 
ported a group of patients with initial 
symptoms typical of AD, who had mild 
extrapyramidal findings and neuro- 
pathological features of widespread 
neocortical Lewy bodies in addition to 
the senile plaques and neurofibrillary 
tangles of AD.” A study of nursing 
home patients with advanced AD 
found that over 80% had rigidity, hy- 
pokinesia, and a flexed posture in the 
absence of exposure to neuroleptics,” 
suggesting that parkinsonian features 
are related to the severity of AD. 
However, parkinsonian signs are dif- 
ficult to evaluate in advanced AD, since 
patients are frequently uncommunica- 
tive and bed-bound or unable to walk. 
In that situation, it is unclear that 
bradykinesia and hypokinesia are 
truly extrapyramidal signs, and con- 


References 


ramidal signs in Alzheimer’s disease. Neurology. 
1985;34:1114-1116. 

11. MeKhann G, Drachman D, Folstein MF, 
Katzman R, Price D, Stadlan EM. Clinical diag- 
nosis of Alzheimer’s disease: report of the 
NINCDS-ADRDA workgroup under the auspices 
of the Department of Health and Human Services 
task force on Alzheimer’s disease. Neurology. 
1985;34:1544-1550. 

12. Gossman MD, Jacobs L. Three primitive 
reflexes in normal adults. Neurology. 1980;30:189- 
192. 

13. Jenkyn LR, Reeves AG, Warren T, et al. 
Neurologic signs in senescence. Arch Neurol. 
1985;42:1154-1157. 

14. Tweedy J, Reding M, Garcia C. Significance 
of cortical disinhibition signs. Neurology. 1982; 
32:169-173. 

15. Bender MB, Fink M, Green M. Patterns of 
perception on simultaneous tests of face and 
hand. Arch Neurol Psychiatry. 1951;66:355-362. 

16. Blessed G, Tomlinson BE, Roth M. The as- 
sociation between quantitative measures of de- 
mentia and of senile change in the cerebral grey 
matter of elderly subjects. Br J Psychiatry. 
1968;114:797-811. 

17. Folstein MF, Folstein SE, McHugh PR. 
‘Mini-Mental State’: a practical method for grad- 
ing the cognitive state of patients for the clinician. 
J Psychiatr Res. 1975;12:189-198. 

18. Coblentz JM, Mattis S, Zingesser LH, Ka- 


tractures may be difficult to distin- 
guish from rigidity. In a prospective 
study of 44 patients who presented 
with AD at an early stage, none had 
extrapyramidal findings on entry.” 
Over 5 years of follow-up, 64% devel- 
oped parkinsonian features attribut- 
able to neuroleptics in 34%. Patients 
with AD and parkinsonism had 
shorter survival rates than those with 
AD alone. In our patients with AD, 
symptoms of dementia preceded and 
overshadowed the extrapyramidal fea- 
tures, which were mild and did not re- 
quire pharmacological treatment. 
Long-term follow-up of our subjects 
will allow us to investigate the pro- 
gression of extrapyramidal findings 
and whether these patients form a 
subtype such as the Lewy body variant 
of AD. 

Myoclonus has been reported to oc- 
cur in 10% of patients with AD” and to 
predict a worse prognosis,’ but was 
absent in Huff and coworkers’ study’ 
and found in only 2% of our subjects. 
Myoclonus may be part of familial 
AD* or occur late in the course of AD, 
but does not appear to be a frequent 
early feature of AD. 

Abnormal neurological findings are 
few in the early stage of AD. Whether 
they can serve as predictors of clinical 
course or account for some of the het- 
erogeneity of AD can only be answered 
by prospective studies, which are cur- 
rently in progress. 


This study was supported by the National 
Institutes of Health grant AGO 5131. 


soff SS, Wisniewski HM, Katzman P. Presenile 
dementia. Arch Neurol. 1973;29:299-308. 

19. Klawans HL, Tufo HM, Ostfeld AM, Shek- 
elle RB, Kilbridge JA. Neurologic examination in 
an elderly population. Dis Nerv Syst. 1971;32:274- 
279. 

20. Kokmen E, Bossemeyer RW, Barney J, 
Williams WJ. Neurological manifestations of ag- 
ing. J Gerontol. 1977;32:411-419. 

21. Prakash C, Stern G. Neurological signs in 
the elderly. Age Ageing. 1973;2:24-27. 

22. Hansen L, Salmon D, Galasko D, et al. The 
Lewy body variant of Alzheimer’s disease: a clin- 
ical and pathological entity. Neurology. 1990;80: 
1-8. 

23. Morris JC, Drazner M, Fulling K, Berg L. 
Parkinsonism in senile dementia of the Alzheimer 
type. In: Wurtman RJ, Corkin SH, Growdon JH, 
eds. Alzheimer’s Disease: Advances in Basic Re- 
search and Therapies, Cambridge, Mass: Center 
for Brain Sciences and Metabolism Charitable 
Trust; 1987:499-505. 

24. Hauser WA, Morris ML, Heston LL, Ander- 
son VE. Seizures and myoclonus in patients with 
Alzheimer’s disease. Neurology. 1986;36:1226- 
1230. 

25. Duffy P, Mayeux R, Kupsky W. Familial 
Alzheimer’s disease with myoclonus and ‘spongy 
change.’ Arch Neurol. 1988;45:1097-1100. 


Alzheimer’s Disease—Galasko et al 627 
a 


” 
, 


Alzheimer’s Disease 


Age at Onset and Single-Photon Emission Computed 
Tomographic Patterns of Regional Cerebral Blood Flow 


William J. Jagust, MD; Bruce R. Reed, PhD; J. Philip Seab, MD; Thomas F. Budinger, MD, PhD 


è We performed this study to determine 
whether early- and late-onset Alzheimer’s 
disease differ physiologically. Ten pa- 
tients with a presenile (before 65 years 
old) onset of the disease and 16 with se- 
nile onset of the disease were evaluated 
Clinically and neuropsychologically and 
studied with single photon emission com- 
puted tomography using the blood 
flow tracer ['*I]N-isopropyl-p-iodoamphet- 
amine. Although the presenile subjects 
had more severe neuropsychological ab- 
normalities in all realms of cognitive func- 
tion, including language, and showed 
greater reductions in regional blood flow 
than the older patients, they were also 
more severely demented, thus complicat- 
ing interpretation of the results. Two in- 
dexes of cerebral perfusion, a ratio of re- 
gional flow compared with occipital flow 
and a left-right asymmetry index, demon- 
strated relative left frontal hypoperfusion 
in presenile- but not senile-onset patients 
and did not appear to be an artifact of the 
severity differences. Although no asym- 
metry of cognitive function was noted, the 
perfusion asymmetry provides biological 
evidence for an alteration in left-hemi- 
sphere function in patients with the early 
onset of Alzheimer’s disease. 

(Arch Neurol. 1990;47:628-633) 
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Accumulating evidence suggests that 

Alzheimer’s disease (AD) is het- 
erogeneous and may be composed of 
distinct clinical subtypes.'? In particu- 
lar, a constellation of features occur- 
ring together is frequently identified 
in numerous studies: early age at onset 
(referred to as presenile when occur- 
ring before age 65 years), the presence 
of language abnormalities, and often a 
family history of dementia.'** The pre- 
senile form of the disease may also be 
associated with a more fulminant 
course than AD occurring in the se- 
nium (after age 65 years) and may be 
associated with more widespread and 
severe neuropathological and neuro- 
chemical changes.*’ While the major- 
ity of these studies have been retro- 
spective, a recent prospective study 
supports the association between lan- 
guage abnormalities, early disease on- 
set, and rapid rate of progression.® 
Such findings, however, remain con- 
troversial, and have not been con- 
firmed by all investigators.” The neu- 
robiological bases for these differences 
also remain undetermined, although 
some investigators have postulated a 
selective left-hemisphere vulnerabil- 
ity in early-onset AD. 

Positron emission tomography 
(PET) has demonstrated regional 
changes in glucose metabolism in pa- 
tients with clinically diagnosed AD, 
which appear earliest and are most 
severe in temporal and parietal cortex 
and progress to involve frontal 
cortex in more severely demented pa- 
tients." These abnormalities are 
frequently asymmetric and often 


correlate with neuropsychological 
deficits.'*!> Because PET has shown 
that regional cerebral blood flow 
(rCBF) and metabolism are coupled in 
AD, similar results have been ob- 
tained using tracers for the measure- 
ment of rCBF with single photon 
emission computed tomography 
(SPECT) in this illness. In addition, 
relationships between these SPECT 
abnormalities and clinical assess- 
ments of dementia severity have been 
detected.” These findings have 
prompted us to evaluate whether the 
clinical features that have been asso- 
ciated with the early onset of AD are 
reflected in a biological marker of 
brain function such as regional blood 
flow. Thus, we studied a group of pa- 
tients with AD using SPECT imaging 
with the blood flow tracer ['I|N-iso- 
propyl-p-iodoamphetamine to deter- 
mine whether presenile-onset patients 
differed from senile-onset patients on 
clinical and neuropsychological vari- 
ables, and whether these differences 
are associated with differences in 
rCBF. 


PATIENTS AND METHODS 
Patient Selection and Clinical Evaluation 


Patients were selected from a larger 
group of approximately 150 patients seen in 
a university dementia clinic. All patients 
meeting study criteria were invited to par- 
ticipate after undergoing the workup de- 
scribed below regardless of the severity of 
dementia, disease duration, or other clini- 
cal features. Therefore, the only obvious 
potential selection bias was the willingness 
of the patient and family to serve as volun- 
teers. Informed consent was obtained from 
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all patients and their responsible relatives, 
and the institutional review boards of all 
participating institutions approved the ex- 
perimental procedure and methods for ob- 
taining consent. 

Study criteria included current diagnos- 
tie standards for A D” as well as the absence 
of any concurrent medications and signifi- 
cant psychiatric or medical illnesses, in- 
cluding hypertension and diabetes. Pa- 
tients were excluded if they had Hachinski 
ischemia scores” of 4 or greater, and scores 
on the Geriatric Depression Scale” indicat- 
ing clinically significant depression. All pa- 
tients were required to have a reliable his- 
torical informant. Twenty-six such patients 
agreed to participate, 10 of whom had the 
disease onset before age 65 years and 16 of 
whom had the disease onset after age 65 
years. Twenty of these patients met criteria 
for probable AD, while 6 were defined as 
possible cases of AD because their deficits 
were limited to the insidious onset of a pro- 
gressive isolated memory loss (4 of these 
patients have since progressed to probable 
AD). These patients are distinct from a 
previous cohort that has been reported in 
PET studies from our laboratory,'!* but 9 
patients were previously described in an 
initial SPECT study.” Since the beginning 
of the study 3 patients have died, all of 
whom had autopsy-confirmed definite AD. 
Subject characteristics are shown in the 
Table. 

All patients received a thorough medical 
history and physical and neurological ex- 
aminations. Age of disease onset was de- 
termined as the first clear behavioral 
changes consistent with dementia and as- 
sessed by a detailed interview performed by 
two separate interviewers and agreed on by 
consensus. Clinical features of the disease 
that were evaluated included the presence 
of extrapyramidal symptoms (bradykine- 
sia, tremor, and rigidity, graded on a 3- 
point scale), primitive reflexes (grasp and 
snout), presence of apraxia (which was 
graded as present if the patient could not 
perform the task and also if he or she sub- 
stituted a body part as an object in per- 
forming the task), and family history of 
dementia (considered positive if a first- 
degree relative was described as demented, 
confused, or senile for a prolonged period in 
a situation that could not be construed as 
secondary to a concurrent medical illness). 

Routine blood tests were performed to 
exclude reversible causes of dementia. 
Most, but not all, patients received electro- 
encephalograms, and all had either com- 
puted tomographic or magnetic resonance 
imaging studies of the brain that were nor- 
mal or that demonstrated atrophy. 


Neuropsychological Testing 


All patients received a battery of neu- 
ropsychological tests selected to assess 
overall dementia severity and a variety of 
cognitive functions. Tests used included the 
Mini-Mental State Examination (MMSE), 
the logical memory portion of the Wechsler 
Memory Scale,“ the California Verbal 
Learning Test,* Delayed Recognition Span 
Test,” Boston Naming Test,” confrontation 
naming and animal naming subtests of the 
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Number 10 


Age at onset 60.5 (2.8) 
Age at evaluation 65.7 (2.2) 
Education 14.1 (2.6) 
Disease duration 5.2 (2.4) 

MMSE score 10.8 (6.2) 


Handedness, R/L 9/1 





Characteristics of Senile and Presenile Onset of Patients With Alzheimer’s Disease* 


Presenile Senile 


Gender, M/F 5/5 8/8 ns 
ns 






16 wate 
72.0 (4.9) P < .0005 
75.6 (4.7) P < .001 
14.4 (3.8) ns 

3.6 (1.8) P= 06 
18.6 (8.0) P< .02 


15/1 


* Values are means, with SDs in parentheses. All time values are in years. NS indicates not significant; MMSE, 
Mini-Mental State Examination; M, male; F, female; R, right; and L, left. 


Boston Diagnostic Aphasia Examination,” 
controlled word fluency,” the digit span and 
block design subtests of the Wechsler Adult 
Intelligence Scale-Revised,' Wechsler 
Memory Scale-like mental control items 
that involved reciting overlearned se- 
quences forward and backward,” and line 
drawing of a house and clock. The Califor- 
nia Verbal Learning Test was modified by 
dropping one category of items from both 
the target and interference lists, thus 
shortening it to a 12-word list. The Califor- 
nia Verbal Learning Test variable exam- 
ined here is the total number correct on the 
5 learning trials. Immediate recall scores 
from the Wechsler Memory Scale were used 
because there was no variability on delayed 
recall scores due to floor effects. Line draw- 
ings were rated on overall recognizability® 
by two raters independently, and the mean 
of their ratings was used. Raw test scores 
were transformed to z scores (a distribution 
with a mean of 0 and an SD of 1) using the 
means and SDs of this patient sample. In- 
dividual test scores were then grouped 
rationally into scales intended to mea- 
sure specific cognitive functions: memory 
(Wechsler Memory Scale, California Verbal 
Learning Test, Delayed Recognition Span 
Test spatial condition, Delayed Recognition 
Span Test word condition, Delayed Recog- 
nition Span Test color condition), naming 
(Boston Naming Test, confrontation nam- 
ing), fluency (animal naming, controlled 
word fluency), visuoconstruction (block de- 
sign, drawing ratings), attention (digit 
span forward, forward mental control), and 
mental control (digit span backward, back- 
ward mental control). The score on each 
scale is the mean of the component z scores. 
Internal consistency of scales was evalu- 
ated using Pearson’s correlations for 2-item 
scales and using Chronbach’s a for other 
scales. Coefficients ranged from .75 to .87, 
with the exception of attention that was 
lower (r = .55). 


SPECT Imaging 


The SPECT imaging was performed 
within 1 month of neuropsychological test- 
ing. Subjects were scanned on a multide- 
tector scanner with a resolution of 14-mm 
full width at half maximum*™ using the 
blood flow tracer ['“I]|N-isopropyl-p-iodo- 
amphetamine. Subjects were positioned in 
the scanner in a plane parallel to the 
canthomeatal line, and were injected with 
111 to 185 MBq of ['*I|N-isopropyl-p-iodo- 
amphetamine with eyes open and ears un- 


occluded in a quiet dimly lit room. Scanning 
began 10 minutes following injection, with 
20 minutes of data acquired at each of two 
tomographic levels. These levels corre- 
sponded to planes approximately 7 and 5 cm 
above the external auditory meatus and 
passed through the middle of the lateral 
ventricles (level 1) and basal ganglia (level 
2), respectively. 

Data were analyzed by drawing regions 
of interest in superior frontal cortex (at 
level 1, consisting of dorsolateral frontal 
cortex), inferior frontal cortex (at level 2 
and consisting of oribitofrontal cortex), 
temporal, parietal, occipital, and entire cor- 
tex in each hemisphere. Regions of interest 
were drawn by hand with reference to a 
standard anatomic computed tomographic 
atlas.” Activity densities were then com- 
puted in the form of counts per cubic centi- 
meter for each region. For the purpose of 
intercomparing regions between patients, 
two ratios were calculated. We used the ra- 
tio of the activity densities in the region of 
interest to the activity densities in the 
mean of right and left occipital cortex in the 
same patient to compute an rCBF ratio. 
Occipital cortex was chosen because both 
neuropathological*® and PET metabolic 
studies’ have shown this region to be rela- 
tively uninvolved in AD. A second ratio was 
an asymmetry index, calculated as the ac- 
tivity density in the left hemisphere region 
minus the activity density in the right 
hemisphere divided by the mean of left and 
right. A negative value for this ratio thus 
reflects relative left-hemisphere hypoper- 
fusion. 


Data Analysis 


To avoid experiment-wise inflation of al- 
pha, multivariate analysis of variance 
(MANOVA) profile analyses were used to 
test sets of dependent variables (rCBF ra- 
tio, asymmetry index, neuropsychological 
variables), and follow-up ¢ tests were used 
only when the omnibus test was significant. 
When sets of correlations were computed, 
the Bonferroni correction was applied. Dif- 
ferences in clinical features were tested by 
the use of individual two-tailed Student’s t 
or x’ tests. Preliminary analyses showed 
that each set of dependent variables used in 
the MANOVAs was normally distributed 
(when examined on a univariate basis), was 
not multicolinear, and met the assumption 
of multivariate homogeneity of variance.” 
Outliers were a problem only in the analy- 
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sis of asymmetry, and their treatment is 
described below. 


RESULTS 


The presenile patients were younger 
than the senile patients at evaluation 
(t(24) = 6.25; P < .001) and were also 
more severely demented than the older 
group (t(24) = 2.64; P< .05) (Table). 
For the entire group, disease duration 
and dementia severity were signifi- 
cantly correlated (r = —.64; P < .001). 
The presenile patients had a longer 
duration of illness than the senile pa- 
tients, which approached statistical 
significance (P = .06). There was no 
difference between the groups for gen- 
der, handedness, presence of patholog- 
ical reflexes, presence of extrapyrami- 
dal signs, or family history of demen- 
tia. There was a higher incidence of 
apraxia in the presenile than in the 
senile group (x7(1) = 4.48; P < .04). 

The rCBF ratios (region of interest/ 
occipital cortex) are shown in Fig 1. 
Parietal cortex showed significantly 
lower perfusion than superior frontal 
cortex in both groups of patients 
(presenile, t(8) = 2.74, P < .05; senile, 
t(15) = 6.26, P < .001), and temporal 
cortex showed lower perfusion than 
inferior frontal cortex in both groups 
(presenile, ¢(8) = 2.74, P < .05; senile, 
t(15) = 7.42, P < .001). The MANOVA 
profile analysis demonstrated that the 
profiles of the two groups were not 
parallel (Pillais’ = 0.54, F(7,18) = 3.07, 
P < .05), indicating a group by region 
of interest interaction. Univariate fol- 
low-up tests suggested that this was 
due in part to group differences be- 
tween the left and right rCBF ratio 
in the superior frontal cortex 
(F(1,24) = 5.9; P < .05), with left fron- 
tal regions lower than right in the 
presenile group but not in the senile 
group. The average of all rCBF ratios 
also differed significantly between 
groups (F(1,24) = 11.68; P < .005), and 
follow-up t tests showed that in all re- 
gions the presenile patients had a sig- 
nificantly lower rCBF ratio than the 
senile patients (P < .05 for all compar- 
isons) except for right and left inferior 
frontal cortex. 

The asymmetry between left and 
right hemispheres for each brain re- 
gion is represented in Fig 2. Results of 
the MANOVA profile analysis demon- 
strate that the slopes of presenile and 
senile groups’ profiles are not parallel 
(Pillais’ = 0.47, F(4,21) = 4.58, P< 
.01). Follow-up ¢ tests performed on 
asymmetry ratios in each region found 
that the only significant univariate 
difference occurred at the superior 
frontal level (t(24) = 2.88; P < .05), 
with early-onset patients demonstrat- 
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Fig 1.—Regional cerebral blood flow ratios (rCBF ratio) for brain regions in presenile- and senile- 
onset patients. L indicates left; R, right; shaded bars, mean regional brain radioactivity density rel- 
ative to occipital cortex (see text), with error bars representing SEM. 
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Fig 2.—Regional asymmetry ratios for presenile- and senile-onset patients. This value is deter- 
mined as activity density in the left-hemisphere region minus the activity density in the right-hemi- 
sphere region divided by the mean of the two. A negative number thus reflects relative left-hemi- 
sphere hypoperfusion, also represented by right greater than left (R > L). Solid symbols indicate’ 
individual patient values; open symbols, group means. The two outliers (see text) are included in 


this figure. 


ing more relative left frontal hypoper- 
fusion than the older-onset group. In- 
deed, in this brain region only 1 pre- 
senile patient showed relative right- 
hemisphere hypoperfusion. 

Two patients in the presenile group 
were considered to be outliers because 


they had asymmetry values greater 
than 3 SDs from the sample mean in at 
least one region. One patient was a 65- 
year-old woman with an 8-year history 
of dementia with marked memory loss, 
a profound aphasia, and striking left 
frontal hypoperfusion. The other pa- 
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Fig 3.—Neuropsychological profiles for senile- and presenile-onset patients. Shaded bars indicate 
means of z-transformed neuropsychological test scores grouped according to cognitive function; 


error bars, SEM. 


tient was a 69-year-old man with a 10- 
year history of dementia, marked visu- 
ospatial abnormalities, and marked 
right frontal and parietal hypoperfu- 
sion. These patients accounted for the 
most right- and left-hemisphere im- 
paired individuals and, although both 
are likely to have AD, we repeated the 
above analysis without these patients, 
and the same pattern of results 
emerged. 

Because the presenile patients were 
more severely demented than the se- 
nile patients, we investigated whether 
the difference in right vs left frontal 
perfusion was due to the differences in 
severity between the groups rather 
than onset age. We defined severely 
demented patients as those having an 
MMSE score of less than 15, and mild 
to moderate as those with an MMSE 
score of 15 or greater. This produced 
two groups of 13 patients with MMSE 
scores of 8.6 (SD, 4.0) and 22.6 (SD, 4.1) 
(t(24) = 8.79; P < .0005) that did not 
differ on age at onset, age of evalua- 
tion, years of education, or disease du- 
ration. The groups did differ on the 
presence of apraxia, as the more se- 
verely demented patients were signif- 
icantly more apraxic than the mild to 
moderate group (x?(1) = 4.51; P < .04). 

When the MANOVA profile on rCBF 
ratios was repeated using severity as 
the grouping factor, the group effect 
was nonsignificant (Pillais’ = 0.21; 
F(7,18) = 0.68; ns) indicating that the 
slopes of the two groups’ profiles were 
parallel. Thus, we found no evidence of 
differentially low left rCBF in the 
more severely demented group. The 
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average rCBF ratio value was signifi- 
cantly lower in the more severely de- 
mented group (F(1,24) = 7.26; P < .02). 
Follow-up t tests found that the more 
severely demented patients showed 
significantly lower rCBF ratios for all 
regions except for the right and left 
inferior frontal cortex. 

The suggestion that asymmetry did 
not vary according to severity was 
confirmed by the MANOVA profile 
analysis on regional asymmetry ratios 
using severity as the grouping factor. 
This showed that slopes of these 
two groups’ profiles were parallel 
(Pillais’ = 0.15; F(4,21) = 0.95, not sig- 
nificant), and that there was no dif- 
ference in the average asymmetry 
between groups (F(1,24) = 0.21, not 
significant). We also examined the re- 
lationship between hemispheric asym- 
metry and dementia severity by corre- 
lating the asymmetry ratio for each 
brain region with the MMSE score and 
found that no value was significant. 

Figure 3 shows the neuropsycholog- 
ical test profiles of the two groups, with 
the presenile patients demonstrating 
poorer performance in all cognitive 
functions. A comparison of these test 
profiles between the senile and prese- 
nile groups using MANOVA revealed 
that the slopes of the profiles were 
parallel (Pillais’ = 0.20, F(5,20) = 1.00, 
ns), and that the average of the neu- 
ropsychological scales was signifi- 
cantly lower in the presenile than in 
the senile patients (F(1,24) = 7.06; 
P < .02). Thus, while the presenile pa- 
tients were more impaired, no one 
score or set of scores was differentially 


lower in the presenile group. 

In addition, two “neuropsychologi- 
cal asymmetry” scores were computed 
by subtracting the visuospatial score 
from the naming and fluency scores. 
When rank order correlation of the 
neuropsychological asymmetries with 
the perfusion asymmetries were per- 
formed, no significant correlation was 
found. There was also no difference 
between the presenile and senile 
groups on the mean values of these 
neuropsychological asymmetry mea- 
sures (using the naming score, 
t(24) = 0.66, not significant; using the 
fluency score, t(24) = 0.70, not signifi- 
cant). 

COMMENT 

The major clinical difference de- 
tected between the senile and presenile 
groups was a greater severity of de- 
mentia in the presenile patients. The 
reason for this increased severity is 
uncertain. Although differences in dis- 
ease duration were not statistically 
significant between the two groups, 
these differences may well be biologi- 
cally important, leaving unresolved 
the question of whether the increased 
severity results from a longer duration 
(perhaps with a comparatively shorter 
survival in the older-onset.patients) or 
a more fulminant disease course. In 
contrast to other groups,*° we did not 
note an increased incidence of sinis- 
trality or family history of dementia in 
the younger-onset patients. 

The more severe dementia in the 
presenile group complicates the inter- 
pretation of the perfusion and neu- 
ropsychological data, since group dif- 
ferences for these dependent variables 
may occur because of differences in se- 
verity rather than in age at onset. It 
appears likely, for example, that the 
finding of lower regional perfusion in 
virtually all brain regions in the pre- 
senile patients results from the more 
severe dementia in this group, since 
grouping the patients by severity pro- 
duced the same finding. This is consis- 
tent with results from PET series of 
patients with AD that have demon- 
strated correlations between dementia 
severity and regional metabolism and 
perfusion.'*** It also confirms our pre- 
vious article’ that the severity of 
SPECT perfusion defects is related to 
the clinical dementia severity. 

The presenile subjects had more se- 
vere language disorders than the se- 
nile subjects, although this observa- 
tion is complicated since all realms 
of neuropsychological function were 
more impaired in the presenile pa- 
tients because they were more severely 
demented. The relation between apha- 
sia and severity has been previously 
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reported in a number of studies using 
different indexes (cognitive, rate of 
disease progression, and longevity) of 
severity.'****! This relationship be- 
tween aphasia and dementia severity 
is complex, not only because estimates 
of severity such as the MMSE usually 
depend to a great extent on language 
function, but also because longitudinal 
observation demonstrates that pro- 
gression of dementia results in an in- 
creased frequency of aphasia in a pa- 
tient population.” Evaluation of mul- 
tiple cognitive functions in our patient 
group shows no evidence for a prefer- 
ential cognitive involvement of the left 
hemisphere in the younger patients. 
Whether the language abnormalities 
will predict the subsequent clinical 
course of these patients awaits longi- 
tudinal observation, although the 
greater severity of their dementia ob- 
viously suggests a poorer prognosis. 
The frequent finding of the coexistence 
of aphasia with severe dementia un- 
derscores the need for evaluation of 
multiple cognitive functions in studies 
of AD, since aphasia may simply be a 
marker for a more severe dementia re- 
gardless of whether it is of longer du- 
ration or more fulminant. 

Our results of SPECT perfusion im- 
aging appear to demonstrate a func- 
tional impairment of left frontal cor- 
tex in the presenile group that is not 
simply related to disease severity. 
The finding is apparent regardless of 
whether the individual regional blood 
flow ratios or asymmetry index is eval- 
uated and is not apparent when the 
patients are grouped by severity. The 
finding that the asymmetry ratios 
were not correlated with disease se- 
verity is further evidence in favor of 
the contention that this is not simply 
a severity effect but rather reflects a 
difference based on age at onset. How- 
ever, many of the senile-onset subjects 
also showed asymmetrical left frontal 
involvement as well, indicating that 
abnormalities of this region are not a 
simple marker for early-onset AD. 

Previous pathologic studies have 
evaluated cerebral asymmetry in AD. 
Pathological evaluations of postmor- 
tem brain have demonstrated that al- 
though cholinergic function, plaques, 
and tangles are generally symmetric, 
some patients do exhibit asym- 
metries.**** One recent study** demon- 
strated considerable left-right asym- 
metry of neuritic plaques and tangles, 
with less asymmetry of cholinergic 
markers. Although the mean age at 
disease onset of this group was 66.1 
years, asymmetry did not favor either 
hemisphere. Such pathological studies 
may be limited, however, since they 
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evaluate late stages of the disease, 
when asymmetries may diminish. 

Imaging studies have also addressed 
the question of cerebral asymmetry in 
AD, with conflicting results. The PET 
studies have reported significant 
asymmetries in glucose metabolism in 
patients with AD when compared with 
control subjects.'*'*5 In general, these 
asymmetries occur in brain regions 
that show the greatest metabolic def- 
icits and may eventually diminish in 
later stages of the disease.'?“° Overall, 
the asymmetries have not usually been 
found to favor either hemisphere in 
patients with AD, although few labo- 
ratories have evaluated the direction 
of these asymmetries in subgroups. 
Koss et al” used PET to study glucose 
metabolism in 11 patients younger 
than 65 years and in seven patients 
older than 65 years and found that the 
younger patients showed greater rela- 
tive hypometabolism in the right- 
sided temporoparietal cortex. Both the 
younger and the older patients showed 
left frontal hypometabolism, which 
was more pronounced in the older 
group. These patients, however, were 
classified by age at examination, as 
opposed to age at onset. Grady et al* 
also studied regional glucose metabo- 
lism with PET and found no difference 
in the direction of asymmetry between 
21 presenile and 13 senile patients who 
were rather mildly demented (mean 
MMSE score, 17). Three studies in 
particular, however, have shown pref- 
erential left-hemisphere hypofunction 
in patients with AD'***°° using both 
SPECT and PET. In each of these 
series, subjects were not evaluated ac- 
cording to age at onset. However, the 
mean age of the subjects at the time of 
the investigation was 67, 67, and 71.5 
years, respectively, suggesting that a 
young patient population could ac- 
count for the findings of preferential 
left-hemisphere involvement in these 
studies. 

Several factors may account for the 
discrepancies reported in these imag- 
ing experiments. Methodological fac- 
tors, such as instrument resolution, 
physiological state of the patients, and 
methods of region analysis differed 
between the studies and make compar- 
isons difficult. In addition, the patient 
numbers were rather small, which, 
combined with random variations in a 
heterogeneous disease process, may 
account for discrepancies. Issues such 
as the severity of dementia may also 
play a role, since Grady and co- 
workers’* patients were mildly de- 
mented, and the language abnormali- 
ties seen in the younger patients are 
generally associated with more severe 


dementia. Finally, although all cur- 
rent evidence suggests that changes in 
blood flow are coupled to metabolic 
disturbances in AD, differences be- 
tween the use of blood flow as opposed 
to metabolic tracers could explain dif- 
ferences in results. 

The regional specificity of the dis- 
tribution of neuropathologic changes 
in AD is striking, with severe involve- 
ment of temporal and parietal cortex, 
lesser involvement of frontal cortex, 
and relative sparing of primary sen- 
sory and motor cortex. Findings from 
this study provide evidence for a pre- 
viously hypothesized relative accentu- 
ation of the disease process in the left 
hemisphere of patients with the early 
onset of dementia symptoms. Whether 
these blood flow findings will predict 
the later disease course awaits longi- 
tudinal study in a larger cohort. 
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èe Human T-cell lymphotropic virus type 
I (HTLV-I) causes adult T-cell leukemia and 
has recently been associated with HTLV- 
associated myelopathy/tropical spastic 
paraparesis. The HTLV-I is endemic 
throughout the Caribbean basin and parts 
of South America, and HTLV-associated 
myelopathy/tropical spastic paraparesis 
also seems to be common in this area. This 
2-year study, 1985 and 1986, was de- 
signed to evaluate the occurrence of 
HTLV-I infection in all newly diagnosed 
cases of selected neurologic diseases in 
Panama City, Panama. Six (8%) of 71 
patients had antibody to HTLV-I detected 
by immunofluorescence, enzyme-linked 
immunosorbent assay, radioimmunoas- 
say, and Western blot assays; 5 patients’ 
conditions were diagnosed as spastic 
paraparesis, and all 5 were seropositive 
and also had HTLV-I antibody in cere- 
brospinal fluid. The remaining seroposi- 
tive patient had multiple sclerosis, and no 
antibody was detected in her cerebrospi- 
nal fluid. Clinical and electrophysiologic 
studies indicated that HTLV-l-associated 
spastic paraparesis is a multifocal, prima- 
rily demyelinating disease that principally 
involves the spinal cord. 

(Arch Neurol. 1990;47:634-639) 
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The human T-cell lymphotropic virus 

type I (HTLV-I) is highly associ- 
ated with adult T-cell leukemia 
(ATL).! Several studies have indicated 
that both HTLV-I and ATL are en- 
demic in the Caribbean basin.” Obser- 
vational studies in Martinique,‘ 
Jamaica,‘ Trinidad‘ the Americas, and 
other areas have indicated a possible 
association between HTLV-I infection 
and spastic paraparesis. 

Panama physically and culturally 
links Central America, South Amer- 
ica, and the Caribbean. We have previ- 
ously reported that the prevalence of 
HTLV-I antibody in Panama City is 
similar to that of other countries in the 
region.’ We have initiated population- 
based, descriptive, seroepidemiologic 
studies to define the occurrence of 
HTLV-I-associated diseases in Pan- 
ama. This report concerns HTLV-I in- 
fection in selected newly diagnosed 
neurologic diseases, and its results 
confirm that infection is highly associ- 
ated with spastic paraparesis. 


PATIENTS AND METHODS 
Population Base 


Panama has approximately 2 million in- 
habitants; more than 30% of the population 
lives in the Panama City metropolitan area. 
Public health care services are the respon- 
sibility of the Ministry of Health and Social 
Security Administration. Two government 
tertiary care hospitals, Santo Tomas and 
the Complejo Hospitalario Metropolitano- 
CSS (CHM-CSS), provide approximately 
81% of all inpatient and outpatient services 
in the metropolitan area. 


Study Patients 


This study enrolled all patients with 
specified neurologic diseases that were di- 
agnosed in the Neurology Clinics at Santo 
Tomas Hospital and the Social Security 
Metropolitan Medical Center (CHM-CSS) 


between January 1985, and December 1986. 
Eligible diagnoses included idiopathic de- 
generative nervous system disorders possi- 
bly caused by retroviruses (Table 1); pa- 
tients with epilepsy, stroke, migraine, back 
pain, and similar common diagnoses were 
not included. Standard data were ab- 
stracted from charts, and serum was col- 
lected from all participants. Serologic re- 
sults were not known at the time of diagno- 
sis and were not used as diagnostic criteria. 


Family Contacts 


We attempted to locate household con- 
tacts of all HTLV-I-seropositive patients. 
Gorgas Memorial Laboratory Division of 
Epidemiology staff in Panama City visited 
the home, explained the study, solicited in- 
formed consent, obtained demographic and 
familial data, and collected 10 mL of venous 
blood from household residents older than 
1 year. In addition, we attempted to contact, 
enroll, and bleed all blood relatives (chil- 
dren, siblings, and parents) and sexual 
partners of seropositive study patients re- 
gardless of current residence. 


Laboratory Studies 


Sera were tested independently under 
code in three HTLV-I antibody assays; 
indirect immunofluorescence antibody as- 
say (IFA), enzyme-linked immunosorbent 
assay (ELISA), and solid-phase radioim- 
munoassay. Positives were confirmed by 
Western blot. Cerebrospinal fluid speci- 
mens from seropositive patients were 
tested by IFA and Western blot. Sera were 
also tested for human immunodeficiency 
virus antibody by an HTLV type III ELISA 
kit (VIRGO, Columbia, Md). 

Indirect Immunofluorescence.—Sera were 
tested at the Gorgas Memorial Laboratory 
by using an IFA kit. Specimens were diluted 
1:10 in phosphate-buffered saline solution 
and tested against HTLV-I-infected HUT- 
102B cells and uninfected HUT-78 controls. 
Positive sera were titrated by using four- 
fold dilutions, starting at 1:10; the end point 
was defined as the highest positive dilution. 
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ELISA.—An ELISA kit (Du Pont/NEN 
Medical Products, North Billerica, Mass) 
was used according to the manufacturer’s 
instructions.’ ' 

Solid-Phase Radioimmunoassay. — Finally, 
sera were tested at Program Resources, Inc, 
Frederick, Md, by radioimmunoassay to 
measure antibody against the HTLV-I p24 
antigen.’ 

Western Blot Assay.— All sera positive in 
either the IFA or ELISA were retested at 
Biotech Research Laboratory, Rockville, 
Md, by Western blot.® The Western blot 
used an HTLV-I lysate prepared from a 
singly banded virus, from a culture super- 
natant of HUT-102 cells. 


Ancillary Studies 


All seropositive patients had additional 
studies, including the following ones: (1) 
radiology—radiographs of the skull and 
cervical, thoracic, and lumbar spine, pan- 
myelogram, and brain computed tomo- 
graphic scan; (2) hematology—complete 
blood cell counts and peripheral blood 
smears were examined by a hematologist 
for morphologic abnormalities; (3) blood 
chemistry studies and serologic tests for 
syphilis (Brewer diagnostic rapid plasma 
, reagin card test, Becton Dickinson Micro- 
biology Systems, Cockeysville, Md); and (4) 
“ lumbar puncture—collecting cerebrospinal 
fluid for cell count and description, protein/ 
glucose determination, HTLV-I antibody 
testing, syphilis serology, and oligoclonal 
band determination. For oligoclonal band 
measurements, cerebrospinal fluid was con- 
centrated with a filter (Micon-B, Amicon 
Corp, Scientific System Division, Donovers, 
Mass) and subjected to agarose gel electro- 
phoresis (Titan gel high-resolution protein 
system, Helena Laboratories, Beaumont, 
Tex). 

The HTLV-I-seropositive patients un- 
derwent the following neurophysiology 
testing: visual and somatosensorial evoked 
responses, electromyography, and nerve 
conduction studies. For the visual evoked 
responses, the absolute abnormal latency of 
p100 in our laboratory is up to 116 millisec- 
onds for a 31-minute angle; the left-to-right 
maximal normal difference is 9 millisec- 
onds for a 31-minute angle and 11 millisec- 
onds for a 15-minute angle. Motor and sen- 
sory nerve conduction velocities in the up- 
per and lower extremities were measured, 
including distal latencies. Shahani’s la- 
tency vs height curves were used for the F 
response and H-reflex. 


REPORT OF CASES 


Case 1.—The condition of this 3l-year- 
old mestizo woman was diagnosed as spas- 
tic paraparesis in 1985. She was born in 
Colón City, Panama, where she resided for 
23 years before moving permanently to 
Panama City. She had no family history of 
neurologic disease and had never received a 
transfusion. Her neurologic problems be- 
gan in 1979, when she noted progressive 
weakness of both legs, following a normal 
delivery of her first child. By 1981, urinary 
‘incontinence, distal lower-limb numbness, 
constipation, and back pain had developed 
in the patient. Her general physical exam- 
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Diagnosis 

Parkinson's disease 

Trigeminal, facial, other cranial nerve 
‘disorders 

Guillain-Barre syndrome 

Anterior horn cell disease 

Multiple sclerosis 

Spastic paraparesis 

Myasthenia gravis 

Encephalitis, myelitis, encephalomyelitis 

Cerebral degenerations 

Extrapyramidal disease not Parkinson's 
disease 

Spinocerebellar disease 

Demyelinating diseases not multiple 
sclerosis 


Muscular dystrophies and other myopa- 
thies 


ination results were unremarkable. On neu- 
rologic examination, cognitive functions 
were intact, and cranial nerves, sensory 
function, and coordination were normal. 
She had a paraparetic spastic gait, patellar 
and Achilles hyperreflexia, bilateral ankle 
clonus, and a positive Babinski’s sign. Re- 
sults of a muscle biopsy and nerve conduc- 
tion studies, an electromyogram, and so- 
matosensory and visual evoked responses 
were normal. Her neurologic status has re- 
mained stable for the last 2 years. 

Case 2.—This 37-year-old mestizo 
woman had spastic paraparesis that was 
diagnosed in 1985. She was born and resided 
in Panama City her entire life. She denied 
a family history of neurologic problems and 
denied previous transfusions. Her neuro- 
logic problems began in 1974, when she 
noted progressive difficulty with walking, 
due to weakness and stiffness in both legs. 
Urinary incontinence and constipation sub- 
sequently developed in the patient. General 
physical examination findings were normal. 
A neurologic evaluation showed normal 
cognitive functions and cranial nerves; 
there were no cerebellar or sensory abnor- 
malities. She had a spastic paraparetic gait, 
with bilateral patellar and Achilles hyper- 
reflexia, bilateral ankle clonus, and a posi- 
tive Babinski’s sign. Results of a muscle bi- 
opsy and nerve conduction studies, an elec- 
tromyogram, and visual and somatosensory 
evoked potentials were normal. Her last 
neurologic evaluation in July 1987 showed a 
mild worsening of the spastic paraparesis. 

Case 3.—This 33-year-old mestizo man’s 
condition was diagnosed as spastic para- 
paresis in 1986. He had no family history of 
neurologic disease and had never received a 
transfusion. He was born and resided in 
Panama City his entire life. His neurologic 
problems began in 1981, when he noted 
progressive weakness and stiffness in both 
legs. By 1986, urinary incontinence, consti- 
pation, and sexual impotence had developed 
in the patient. General physical examina- 
tion findings were normal. The neurologic 


Table 1.—Patients With Eligible Neurologic Disease Diagnoses Identified and Enrolled 
in Panama, 1985 and 1986 


Ss M mmama 


Diagnosed Enrolled Seropositive 
32 ~ 14 0 
26 14 O 
17 13 0 
10 7 (0) 
8 8 1 
5 5 5 


— |0 
-|A 
OJo 


No. of Patients 


1 1 0 
1 1 0 
1 1 0 
1 1 0 
1 1 o 


2 
C 
® 

„D 

e 
= 

< 





Fig 1.—Western blot assays of antibodies to 
human T-cell lymphotropic virus type | proteins 
in sera from patients with spastic paraparesis 
in Panama, 1985 and 1986. 1 indicates posi- 
tive control; 2 through 6, patients 2 through 6 
with spastic paraparesis; and 7, patient 7 with 
multiple sclerosis. 


evaluation revealed cognitive functions and 
cranial nerves to be normal. He had a spas- 
tic paraparetic gait, with patellar and 
Achilles hyperreflexia, bilateral ankle clo- 
nus, and a Babinski’s sign. He had no sen- 
sory or cerebellar abnormalities. Visual 
and somatosensory evoked responses, re- 
sults of nerve conduction studies, and an 
electromyogram were normal. His neuro- 
logic abnormalities, in particular urinary 
incontinence, have slowly progressed 
through July 1987. 

Case 4.—This 56-year-old black woman’s 
condition was diagnosed as spastic para- 
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Table 2.—HTLV-| Antibody Assays in Patients With HTLV-I-Seropositive Neurologic 
Disease Paraparesis”* 


Diagnosis 


Serum antibody titer 
ENI IFAt 


Du Pont ELISA 
RIA p24§ 
Western blot!|| 


Cerebrospinal fluid antibody titer 
ENI IFAt 40 


Western blot! Pos 


Patient 





* HTLV-I indicates human T-cell lymphotropic virus type |; SP, spastic paraparesis; MS, multiple sclerosis; Pos, 


positive; and Neg, negative. 


TENI IFA indicates Electronucleonics, Inc (Columbia, Md) indirect immunofluorescence antibody assay. 
Du Pont ELISA indicates Du Pont/NEN Medical Products (North Billerica, Mass) commercial enzyme-linked 


immunosorbent assay for HTLV-I. 


§RIA p24 indicates Biotech Research Laboratory (Rockville, Md) radioimmunoassay for antibody against p24. 


See Fig 1. 


Table 3.—Clinical, Laboratory, Radiologic, Neurophysiologic Studies of Patients With 
HTLV-I-Seropositive Neurologic Disease Paraparesis”* 


elt aie A LO Aa C= 1 ne 


Diagnosis 

= y 

Sore of symptoms, y 
Hx of transfusion 


Neurol examination results 
Spastic gait 
Hyperreflexia 
Babinski's sign 


Clonus 


Neurogenic bladder 
Sexual impotence 
Electrophysiologic findings 
Nerve conduction 
Electromyogram 


Evoked responses 
Visual 


Somatosensorial 


CSF 
VDRL 


WBCs, 10°/L 
Protein, g/L 
Glucose, mmol/L 
Oligoclonal bands 





* HTLV-I indicates human T-cell lymphotropic virus type |; SP, spastic paraparesis; MS, multiple sclerosis; Hx, 
history; plus sign, physical finding present; minus sign, physical finding absent; NA, not applicable; Norm, nor- 
mal; ABN, abnormal; ND, not done; CSF, cerebrospinal fluid; NR, not reactive; Neg, negative; and Pos, positive. 


paresis in 1986. She was born in Almirante, 
Panama, a small town on the Caribbean 
border with Costa Rica, where she resided 
until moving permanently to Panama City 
at 39 years of age. She had no family history 
of neurologic disease and had never re- 
ceived a transfusion. She presented with a 
9-year history of progressive gait distur- 
bance, stiffness of both legs, urinary incon- 
tinence, and mild back pain. General phys- 
ical examination findings, higher cortical 
functions, and cranial nerve examination 
results were normal. A neurologic exami- 
nation revealed a mild hypertonia of the 
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lower extremities with hyperreflexia, a bi- 
lateral Babinski’s sign, and spastic gait. 
She had no sensory or cerebellar abnormal- 
ities. Visual evoked responses showed pro- 
longed p100 in the right eye (120 millisec- 
onds on the right vs 112 on the left eye, with 
a 31-minute angle). Bilateral sural and su- 
perficial peroneal nerve stimulation did not 
evoke cortical responses. An electromyo- 
gram was normal. Results of nerve conduc- 
tion studies were abnormal, with a bilateral 
prolonged soleus F wave and H-reflex. Her 
spastic paraparesis has slowly worsened 
through her last follow-up in July 1987. 


Case 5.—This 40-year-old black woman’s 
condition was diagnosed as spastic para- 
paresis in 1986. She was born and lived for 
11 years in a small town in the Darien 
province. Between the ages of 11 and 28 
years, she lived in Turbo, Colombia, where 
she first married and had two children. She 
has resided in Panama City since the age of 
28 years, where she married for the second 
time and had two more children. She had no 
family history of neurologic disease and 
had never received a transfusion. Her prob- 
lems began in 1979 with progressive diffi- 
culty with walking and weakness in both 
legs. By 1982, she was no longer able to walk 
and, in addition, had urinary frequency and 
paresthesia in both legs. General physical 
examination results were normal. A neuro- 
logic evaluation revealed normal cognitive 
functions and cranial nerves. She had no 
sensory or cerebellar abnormalities. She 
was able to walk only with difficulty and 
had a marked spastic gait with bilateral 
ankle clonus and a positive Babinski’s sign. 
Visual evoked response showed a prolonged 
left p100 with normal visual acuity (116 
milliseconds on the left eye vs 109 millisec- 
onds on the right for a 31-minute angle). 
Somatosensory cortical responses of sural 
and peroneal nerves in both lower limbs 
showed a prolonged latency. Results of 
nerve conduction studies were normal, ex- 
cept for delayed soleus and posterior tibial 
F waves and H-reflex. A lower-limb elec- 
tromyogram was abnormal with giant and 
polyphasic motor unit potentials in the 
tibialis anterior and gastrocnemius mus- 
cles. 

Case 6.—This 49-year-old mestizo wom- 
an’s condition was diagnosed as multiple 
sclerosis in 1985. She had never received a 
blood transfusion and had no family history 
of neurologic disease. She first noted visual 
disturbances and an unsteady gait in 1980; 
by 1981, a right hemiparesis, severe incoor- 
dination of both hands, and urinary incon- 
tinence had developed in the patient. Re- 
sults of a neurologic examination revealed 
bilateral optic atrophy, bilateral internu- 
clear ophthalmoplegia, right hemiparesis 
and bilateral dysmetria, trunk and gait 
ataxia, and scanning dysarthria. Results of 
cerebrospinal fluid studies were normal, 
except that IgG levels were elevated with 
oligoclonal bands. Findings from radio- 
logic studies were normal. Somatosensory 
evoked responses were normal. Visual 
evoked potentials showed a prolongation of 
p100 with a reduced amplitude bilaterally. 
Neurologic signs and symptoms improved 
transiently following the diagnosis, but in 
late 1986, she experienced a relapse with an 
exacerbation of her cerebellar syndrome. 


RESULTS 
Eligible Patient Population 


One hundred nine eligible patients’ 
conditions were diagnosed at the Santo 
Tomas or CHM-CSS Neurology Ser- 
vices during 1985 and 1986 (Table 1). 
Parkinson’s disease was the most fre- 
quent diagnosis (32 patients (30% of 
the total]), followed by facial nerve 
palsy (26 patients [24%]), Guillain- 
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Barré syndrome (17 [16% ]), anterior 
horn cell disease (10 [9% ]), multiple 
sclerosis (8 [7% ]), spastic paraparesis 
(5 [5%]), myasthenia gravis (5 [5%] 
patients), and assorted other diseases 
(6 [6% ] patients). 


HTLV-I Antibody— Cases 


Seventy-one (65%) of the eligible 
patients were recruited into the clini- 
cal epidemiology study (Table 1). Thir- 
ty-eight eligible patients were not en- 
rolled; 24 had registered fictitiously 
and could not be located; 7 did not re- 
turn because, they had moved and we 
elected not to follow them up; and 7 
died of other causes. 

Six patients had HTLV-I antibody 
detected by all assays and confirmed by 
Western blot (Fig 1); seropositivity 
was limited to patients with spastic 
paraparesis (five of five patients) and 
multiple sclerosis (one [13% | of eight) 
(Table 2). The five patients with spas- 
tic paraparesis also had HTLV-I anti- 
body detected in cerebrospinal fluid, 
but the patient with multiple sclerosis 
did not. None of the study patients had 
human immunodeficiency virus anti- 
body. 

All six seropositive patients had 
normal serum glucose, urea nitrogen, 
creatinine, aminotransferase, and 
electrolyte levels. Syphilis tests on 
blood and cerebrospinal fluid were neg- 
ative, and results of radiologic studies 
were normal. In addition, white blood 
cell counts, differential cell counts, and 
morphologic features were normal in 
the six seropositive patients. Clinical 
findings and laboratory results are 
summarized in Table 3. 


HTLV-I Antibody — Family Members 


We located and enrolled 37 contacts 
for the 5 seropositive patients with 
spastic paraparesis (Fig 2); we were 
unable to locate 9 grandchildren and 3 
parents in index cases. No sexual part- 
ners had HTLV-I antibody nor did 13 
children. Only one family (patient 1) 
had seropositive individuals: a brother 
(age, 35 years), mother (age, 55 years), 
and father (age, 57 years), but 2 
younger siblings were negative. The 3 
seropositive family members had nor- 
mal neurologic examination results. 


COMMENT 


This study of patients with incident 
neurologic disease significantly 
strengthens the previously hypothe- 
sized association of HTLV-I infection 
and spastic paraparesis and argues 
against an association with multiple 
sclerosis. All five patients with spastic 
paraparesis whose conditions were di- 
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Fig 2.—Human T-cell lymphotropic virus type | serologic studies in family members of patients with 
spastic paraparesis in Panama, 1985 and 1986. Open squares indicate male; open circles, fe- 
male: N, seronegative; |, seropositive index case; closed circle, seropositive; closed squares, 
question mark, unable to locate or obtain blood; and number below symbol, age in years. 


agnosed in Panama City between 1985 
and 1986 had serum and cerebrospinal 
fluid HTLV-I antibody. The only other 
seropositive patient had classic multi- 
ple sclerosis and did not have cere- 
brospinal fluid antibody. Previously 
reported studies have been based on 
prevalent cases of spastic paraparesis 
in which the patients had been fol- 
lowed up in neurology clinics for many 
years, and these studies have not mea- 
sured HTLV-I infection in defined, rep- 
resentative neurologic disease groups. 
Prevalent disease studies cannot be 
generalized to a population since they 
include patients with recent diagnoses 
and variable-term survivors, who have 
remained under follow-up. At the 
same time, as our study illustrates, 
usual definitions of incidence cannot be 


strictly applied to chronic neurologic 
disease syndromes. Patients in our 
study experienced worsening neuro- 
logic signs for an average of 8.6 years 
before finally seeing a neurologist and 
having their conditions diagnosed as 
spastic paraparesis. Other neurologic 
diseases present with a more acute on- 
set so that patients seek medical at- 
tention and their conditions are diag- 
nosed more rapidly. 

Despite these limitations, data from 
published observational studies have 
been similar and are consistent with 
our conclusions. To our knowledge, the 
first published report used clinic 
records from Martinique and found 
that 10 (59% ) of 17 patients with spas- 
tic paraparesis and 13 (4% ) of 303 as- 
sorted controls had HTLV-I antibody.‘ 
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The study was extended" to include the 
following subjects: 32 patients with 
spastic paraparesis identified between 
1973 and 1985 and enrolled for study 
from 1984 through 1986; 139 other 
neurology clinic patients enrolled from 
1984 through 1986; 48 assorted (nonde- 
fined) family members; and 296 other 
controls. Seventy-eight percent of pa- 
tients with spastic paraparesis were 
seropositive by ELISA, and this was 
confirmed by Western blot assay, and 
11 patients, who could be tested, had 
antibody in cerebrospinal fluid; 13% of 
the other patients with neurologic dis- 
ease were seropositive, and 3 (5% ) of 56 
also had cerebrospinal fluid antibody; 
and 8 family members (17% ) were se- 
ropositive, as were 2% of the normal 
population. Similar seroprevalence 
rates have been reported in pilot 
studies from Kingston, Jamaica, and 
Tumaco, Colombia,’ but the referent 
populations and time periods were not 
described. Thirty-two Jamaican pa- 
tients with spastic paraparesis were 
studied; 16 (67%) of 24 serum speci- 
mens and 15 (60% ) of 25 cerebrospinal 
fluids had HTLV-I antibody detected 
by ELISA. From the patients in Tu- 
maco, 3 of 3 serum specimens and 16 
(73% ) of 22 cerebrospinal fluid speci- 
mens had antibody. A similar study 
that used available specimens has been 
published from Trinidad where 3 of 6 
patients had serum antibody and 2 of 
6 had cerebrospinal fluid antibody to 
HTLV-I detected by ELISA.‘ 

Two recent studies have been pub- 
lished concerning HTLV-I infection 
and spastic paraparesis in other geo- 
graphic areas. Roman and collabora- 
tors’ conducted a study of all patients 
with symptoms suggestive of para- 
paresis on Mahé Island, Seychelles. 
Fifty-six possible cases were evalu- 
ated; 20 met clinical criteria for spas- 
tic paraparesis, and 17 (85% ) were se- 
ropositive (ELISA confirmed by IFA). 
In contrast only 2 of 16 controls were 
seropositive. A second study of 6 pa- 
tients with paraparesis from Japan 
(clinical source unspecified) found that 
all 6 had both serum and cerebrospinal 
fluid HTLV-I antibody detected by 
ELISA, particle agglutination, and 
Western blot. In contrast, 12 (15% ) of 
78 other neurology clinic patients (also 
from an unspecified source) were se- 
ropositive, and none had antibody in 
cerebrospinal fluid.” 

Finally, a pilot study found evidence 
of active HTLV-I infection in six of 
seven patients with spastic parapare- 
sis from Jamaica, Haiti, and Colombia. 
This unique study established T-cell 
lines from both peripheral blood and 
cerebrospinal fluid cells and used an 
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IFA test against p19.* The HTLV-I 
has also been isolated from the cere- 
brospinal fluid of a Japanese patient 
with HTLV-associated myelopathy." 
Our study in Panama also obtained 
detailed clinical data that defined 
HTLV-I-associated spastic parapare- 


sis. It is important to stress that the © 


study included all eligible patients 
with neurologic disease, and all clini- 
cal diagnoses were made before sero- 
logic testing. Patients with spastic 
paraparesis presented a chronic pro- 
gressive syndrome similar to that re- 
ported previously.'*'® All were adults 
aged 33 to 56 years, and four were 
women. Major abnormalities involved 
the lower corticospinal tracts. Two pa- 
tients showed abnormal evoked visual 
potentials with prolonged p100 laten- 
cies. Other workers have reported clin- 
ical optic nerve involvement,” but elec- 
trophysiologic studies indicating optic 
nerve demyelination have not been re- 
ported, to our knowledge. Nerve con- 
duction studies and electromyograms 
in these same two patients revealed 
signs of denervation with alterations 
of the spinal roots (delayed H-reflex 
and F wave with normal peripheral 
nerve conduction and giant polyphasic 
potentials), similar to others’ find- 
ings.”! These clinical and neurophys- 
iologic findings, in conjunction with 
limited neuropathologic studies,” sug- 
gest that HTLV-I-associated spastic 
paraparesis is a multifocal primarily 
demyelinating disease that principally 
affects the spinal cord, but which can 
also involve at least optic and spinal 
nerve roots. 

None of our patients with spastic 
paraparesis had abnormal lympho- 
cytes in either peripheral blood or 
cerebrospinal fluid. This is similar to a 
report from Tumaco," but contrasts to 
HTLV-I-associated paraparesis in 
Japan.” 

Several transmission mechanisms 
for HTLV-I have been hypothesized, 
but our study did not clarify this im- 
portant problem. No seropositive pa- 
tient had received transfusions or had 
unusual parenteral exposures. We ob- 
tained blood from regular sexual part- 
ners of four patients, and all were se- 
ronegative. One patient had two regu- 
lar male sex partners, neither of whom 
could be located. We also tested serum 
from 13 of the patients’ 14 children, 
and all were negative. In only one 
instance were antibody patterns com- 
patible with vertical transmission; the 


= index patient, her older brother, and 


both parents were seropositive. These 
seropositive family members did not 
have detectable neurologic abnormali- 
ties. 


Several studies of spastic parapare- 
sis in the Caribbean have failed to 
document familial transmission pat- 
terns, but these studies have not 
adequately documented sampling 
frames.''-'??3 In contrast, studies in Ja- 
pan indicate HTLV-I transmission 
from husband to wife and mother to 
child in normal populations™ and 
among families with ATL.*”* A recent 
case-control study of spastic parapare- 
sis in Tumaco showed that children of 
seropositive patients were signifi- 
cantly more likely to be infected than 
children of controls, but numbers were 
small, and sampling was incomplete 
and not adequately documented.” The 
study also showed that 75% of spouses 
of seropositive patients had HTLV-I 
antibody and that this was highly as- 
sociated with the number of years of 
marriage. 

It is difficult to interpret our nega- 
tive serologic results in the children of 
index patients since the incubation pe- 
riod between HTLV-I infection and 
development of neurologic disease is 
not known; 10 children were born 2 to 
20 years before their mother first 
noted neurologic symptoms; 2 women 
noted neurologic problems immedi- 
ately following delivery of their pres- 
ently 8- and 9-year-old seronegative 
children; and another woman became 
ill a year before birth of a currently 
13-year-old child (who refused to give 
blood) and 4 years before birth of a se- 
ronegative 9-year-old child. Newly de- 
veloped laboratory methods, such as 
the polymerase chain reaction, which 
detects HTLV infection irrespective of 
host immune response, may resolve 
many of these issues. 

Finally, mention should be made 
concerning the relative occurrence of 
spastic paraparesis and ATL in Pan- 
ama. Our study did not attempt to 
document all neurologic diseases, but 
spastic paraparesis occurred at essen- 
tially the same incidence as multiple 
sclerosis. Five patients with spastic 
paraparesis were enrolled, through the 
two Panama City hospitals, during the 
2-year study. The minimum crude an- 
nual incidence of spastic paraparesis 
in Panama City was 0.26/100000, and 
the minimum annual incidence in the 
adult population aged 30 years or older 
was 0.73/100000. Only three HTLV-I 
antibody-positive ATL cases were doc- 
umented in the country between 1984 
and 1986. Thus, in Panama, neurologic 
manifestations seem to be a more com- 
mon sequela of HTLV-I infection than 
hematologic malignancy. 
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Seizures in Human Immunodeficiency Virus Infection 


Meng C. Wong, MRCP; Nicholas D. A. Suite, MD; Douglas R. Labar, MD, PhD 


èe Among 630 patients with human im- 
munodeficiency virus infection, 70 pa- 
tients with new-onset seizures were 
studied. Generalized seizures occurred in 
66 patients (94%): they occurred as the 
initial seizure in 56 patients (80%) and 
during follow-up in another 10 patients 
(14%). Partial seizures (18 patients), sta- 
tus epilepticus (10 patients), and recurrent 
seizures (38 patients) were also noted. 
Identified processes included cerebral 
toxoplasmosis in 11 patients, cerebral 
lymphoma in 8, metabolic derangement in 
8, cryptococcal meningitis in 7, and vas- 
cular infarction in 4. In 32 patients (46%) 
seizures were not associated with identifi- 
able brain lesions and were believed to re- 
sult from human immunodeficiency virus 
cerebral infection. Phenytoin treatment 
was associated with adverse drug reac- 
tions in 16 of 62 patients who received it. 
Our results suggest that the majority of 
patients with human immunodeficiency vi- 
rus and seizures do not have secondary 
focal brain lesions as the cause of the sei- 
zures and that human immunodeficiency 
virus infection alone can, and often does, 
cause seizures. 

(Arch Neurol. 1990;47:640-642) 


atients with human immunodefi- 

ciency virus (HIV) infection are in- 
creasingly common. Neurologists are 
often asked to assist in the evaluation 
and management of these patients 
when seizures occur. Although sei- 
zures have been previously noted as a 
feature of the neurologic complica- 
tions in acquired immunodeficiency 
syndrome (AIDS), their incidence, 
clinical features, significance, therapy, 
and outcome have only recently begun 
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to be described.** In particular, ques- 
tions remain as to whether seizures in 
patients with HIV infection indicate 
secondary focal brain lesions (such as 
toxoplasmosis or lymphoma) or are a 
manifestation of HIV disease alone. To 
address these issues, we performed a 
retrospective study of the clinical 
characteristics of adult patients with 
HIV infection and new-onset seizures 
who were admitted to The New York 
(NY) Hospital over a 5-year period. 


PATIENTS AND METHODS 


We reviewed the medical records of 630 
patients who were older than 18 years, who 
were admitted between 1984 and 1988, and 
who had AIDS, AIDS-related complex 
(ARC), or were HIV-antibody positive. 
Medical records obtained from hospital 
charts (identification of cases based on hos- 
pital discharge codes) and records of the 
Neurology Consultation Service and the 
Autopsy Service were reviewed. A total of 
81 of 630 patients with HIV infection were 
found to have had a seizure during the pe- 
riod studied (13% of cases reviewed). Six 
patients were excluded because their sei- 
zures clearly antedated HIV infection, and 
5 were excluded because of inadequate med- 
ical data. We required that all patients in- 
cluded in the study undergo adequate 
workup to search for a cause of their initial 
seizures. For the subgroup of 32 patients in 
whom the cause was not manifestly appar- 
ent, the workup included at least a detailed 
history including drug and alcohol use, 
blood cell counts, biochemistry studies, se- 
rum calcium and magnesium determina- 
tions, liver and renal function tests, lumbar 
puncture, and computed tomographic (CT) 
or magnetic resonance imaging (MRI) 
scans. Timely autopsies were considered 
acceptable in place of lumbar puncture and 
CT and MRI scans. Thus, 70 patients with 
new-onset seizures were studied. Addi- 
tional information was obtained from their 
physicians, from other hospitals, and from 
the Medical Examiner’s Office. 

For each patient, the following data were 
recorded: age, sex, HIV risk factor, HIV 
category (AIDS, ARC, or HIV-antibody 
positive only), clinical history and exami- 
nation, details of all seizures, relevant lab- 
oratory investigations, and follow-up data. 


Patients were diagnosed as having AIDS 
according to criteria established by the 
Centers for Disease Control, Atlanta, Ga.’ 
Patients who did not fulfill the criteria for 
AIDS but who had appropriate risk factors, 
laboratory evidence of HIV infection, and 
typical clinical features of ARC‘ were des- 
ignated as having ARC. Patients who were 
HIV-antibody positive but did not fulfill the 
criteria for AIDS or ARC were designated 
for the purposes of this study as HIV-anti- 
body positive only. 


RESULTS 


The study population consisted of 70 
patients with new-onset seizures. 
There were 59 men and 11 women, with 
a mean age of 37 years (range, 21 to 81 
years). At the time of the first seizure, 
40 were already inpatients and 26 were 
brought immediately to the emergency 
department, while 4 others sought 
medical attention within a few days of 
the seizure. At the time of the first sei- 
zure, 50 had AIDS, 10 had ARC, and 10 
were HIV-antibody positive only. Risk 
factors were identified in 61 patients 
and included homosexuality/bisexual- 
ity (38 patients), intravenous drug 
abuse (17), both homosexuality/bisex- 
uality and intravenous drug abuse (2), 
and blood transfusions (4). In 9 pa- 
tients no risk factors were identified. 
Follow-up data were obtained from the 
time of first seizure to death in 44 pa- 
tients, with a mean interval of 63 days 
(range, 1 to 270 days). For the other 26 
patients, available follow-up covered a 
mean interval of 157 days (range, 3 
days to 5 years). 

The initial seizure was generalized 
in 56 patients, complex partial in 9, and 
simple partial in 5. Of the 14 patients 
with an initial partial seizure, 10 hada 
subsequent generalized seizure during 
follow-up. Of the 56 patients with an 
initial generalized seizure, 4 had a 
subsequent partial seizure. Recurrent 
seizures were noted in 38 patients 
(54% ), 37 of whom were treated with 
anticonvulsants. In contrast, 32 pa- 
tients (46% ) had a single seizure up to 
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the time of available follow-up, 26 of 
whom were treated with anticonvul- 
sants. Status epilepticus (as defined by 
Celesia’) occurred in 10 patients. In 7 
patients, it was the first presentation 
of their seizure disorder. Convulsive 
status was noted in 7 patients and 
nonconvulsive status in 3 patients. 

Twenty patients underwent enceph- 
alography (EEG). Four EEGs were 
normal; 14 demonstrated generalized 
slowing; 5, focal slowing; 4, focal epi- 
leptiform activity; and 1, generalized 
epileptiform activity. Cerebrospinal 
fluid (CSF) examination was per- 
formed for 52 patients after the initial 
seizure. This identified 6 patients with 
eryptoccocal fungal infection and 2 
with cerebral lymphoma. The other 44 
lumbar punctures revealed an in- 
creased protein content (> 0.40 g/L) as 
the only abnormality in 21 patients, 
leukocytosis (>5 white blood cells per 
high-power field) as the only abnor- 
mality in 4 patients, and 1 patient with 
both abnormalities. The CSF was nor- 
mal in 18 patients. 

Metabolic causes of seizures in- 
cluded hypoxia in 4 patients, while hy- 
pocalcemia, hypomagnesemia, hypo- 
glycemia, and renal failure were the 
cause in 1 patient each. No seizures at- 
tributable to alcohol or drug use were 
identified. 

Computed tomographic scans were 
obtained after the initial seizure in 62 
patients. Focal lesions were noted in 22 
patients, and diffuse white matter 
changes in 2 others. In 38 patients, the 
CT scan was normal or showed cere- 
bral atrophy only. Magnetic resonance 
imaging was performed after the ini- 
tial seizure in 14 patients. Focal lesions 
were noted in 6 patients, and diffuse 
white matter changes in 5 others. In 3 
patients, the magnetic resonance im- 
aging scan was normal or showed 
cerebral atrophy only. 

Autopsies were performed on 17 pa- 
tients. Secondary focal lesions were 
detected in 10 patients (3 with lym- 
phoma, 3 with toxoplasmosis, 2 with 
both lymphoma and toxoplasmosis, 
and 2 with vascular infarction). 
Among the 7 autopsies in which no 
secondary focal lesions were seen, mi- 
croglial nodules were noted in 5 pa- 
tients, multinucleated cells typical of 
HIV infection? in 2 patients, and a 
group of inclusion-bearing cells typical 
of cytomegalovirus (CMV)? in the cer- 
ebellum of 1 patient. Cytomegalovirus 
was excluded by immunohistochemis- 
try studies in the 1 patient tested. 

Combining all available data (in- 
cluding the results of CSF examina- 
tion, CT and MRI scans, and autop- 
sies), the cause of the seizure was 
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Focal Lesions 


Seizure Pattern (n = 23) 


Presumed Cause 





Metabolic HIV 
(n = 8) 


Meningitis 
(n= 7) 


Single seizure (n = 32) 9 4 5 14 
Recurrent seizure (n = 38) 14 3 3 18 


* HIV indicates human immunodeficiency virus. 


Presumed Cause 


a  rervevwl;VOra OOo 


Seizure Type 
Generalized seizure only 
(n = 52) 
Generalized and partial 
seizures (n = 14) 


Partial seizure only 
(n = 4) 


* HIV indicates human immunodeficiency virus. 


identified as focal brain lesions in 23 
patients (toxoplasmosis in 11, lym- 
phoma in 8, and vascular infarction in 
4), eryptococcal meningitis in 7 pa- 
tients, metabolic derangement in 8 pa- 
tients, and presumed HIV infection 
alone in 32 patients. A comparison of 
the autopsy findings with the antemor- 
tem CT scans in 14 patients showed 
that the CT scan correctly identified 
secondary focal lesions in 9 of 10 pa- 
tients and no secondary focal lesions in 
4 of 4 patients. 

Single seizures and recurrent sei- 
zures were both associated with all 
causes (Table 1). No particular cause 
was associated specifically with partial 
seizures or generalized seizures (Ta- 
ble 2). 

Phenytoin sodium was the anticon- 
vulsant most frequently used. Pheny- 
toin therapy was administered to 62 
patients, but adverse drug reactions 
resulted in its discontinuation in 16 
patients (8 patients with rash, 4 with 
worsening leukopenia or thrombocy- 
topenia, and 4 with worsening liver 
function). 


COMMENT 


Although our data suggest a 12% 
incidence of new-onset seizures in pa- 
tients with HIV infection, we would 
emphasize that this was a hospital- 
based study and that these incidence 
figures probably represent a more se- 
riously ill subgroup of patients with 
HIV infection. In addition, we suspect 
that this bias toward more seriously ill 
patients would favor the inclusion in 
our study of more patients with sec- 
ondary lesions (such as those with 
toxoplasmosis, lymphoma, and crypto- 
coccosis), with consequently less pa- 


Meningitis 


Metabolic 


(n = 7) (n = 8) 





tients with “simple” HIV infection as 
the cause of their seizure. Homosexu- 
ality/bisexuality and intravenous 
drug abuse were the most common risk 
factors elicited, and these findings are 
similar to data of the same period on 
adult AIDS in New York, NY,” imply- 
ing that the risk of seizures is not 
higher in any risk factor subgroup of 
patients with HIV. 

The cause of the seizure was identi- 
fied in about half of our patients (54% ). 
In 46% of our patients, extensive work- 
up failed to identify an obvious cause. 
Despite our hesitation to draw etio- 
logic conclusions on the basis of exclu- 
sionary criteria, we believe that in this 
subgroup, HIV brain infection itself is 
the most likely cause of the seizure. 
The fact that secondary focal brain le- 
sions were found at autopsy in 7 pa- 
tients is supportive. In addition, we 
were able to compare the CT scan and 
autopsy findings in 14 patients, noting 
that the CT scan detected secondary 
focal lesions with a sensitivity of 90% 
and a specificity of 100%. We have no 
reason to suspect that among the pa- 
tients in whom autopsy was declined, 
secondary focal lesions were not de- 
tected by CT, MRI, or CSF studies. 
Concurrent CMV brain infection was 
noted in 1 patient who underwent au- 
topsy. Although we are uncertain as to 
the precise role that concurrent CMV 
brain infection plays in the genesis of 
seizures in patients with HIV infec- 
tion, we speculate that in some pa- 
tients it may well play a significant 
role. We were unable to ascribe sei- 
zures to alcohol or drug use, but we be- 
lieve that this may have been a result 
of anumber of possible biases: patients 
may not be forthcoming about alcohol 
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or drug use in the history; patients 
with intravenous drug abuse were a 
minority in our study (19 patients); 
and the majority of our patients were 
inpatients at the time of their initial 
seizure. We also do not believe that 
these seizures occurred simply because 
our patients were terminally ill, as a 
review of 277 patients who died at The 
New York Hospital over the 3-month 
period of October 1988 to December 
1988 revealed that only 4.7% had a 
seizure during their last inpatient ad- 
mission, an incidence that is signifi- 
cantly less (x, 12.9; P< .01). 

Seizures in HIV-infected patients 
may be a nonspecific late manifesta- 
tion of progressive cerebral viral in- 
fection, and parallels may be con- 
sidered with Jakob-Creutzfeldt dis- 
ease'' and subacute sclerosing 
panencephalitis,’ in which seizures 
are at least as frequent. Fifty of our 
patients (71% ) had AIDS at the time of 
the initial seizure, suggesting that sei- 
zures occur mainly as a feature of the 
late stages of HIV infection. Neverthe- 
less, we noted 20 patients (29%) who 
were HIV-antibody positive only or 
who had ARC at the time of their first 
seizure. In 11 of these 20 patients, HIV 
infection alone was the presumed 
cause of the new-onset seizure, sug- 
gesting that seizures may be an early 
manifestation of HIV disease. Conse- 
quently, we would urge that HIV in- 
fection be considered when a patient 
develops new-onset seizures. As such, 
a HIV-antibody test should be consid- 
ered in the workup, even in the absence 
of a history of opportunistic infection 
or AIDS. 

Status epilepticus complicated the 
course of 10 patients (14% ), whichis a 
high incidence.” In addition, general- 
ized seizures were very common (oc- 
curring in 66 patients, or 94% ), imply- 
ing that the HIV-infected brain may 
have diffuse cortical irritability or im- 
paired mechanisms for seizure termi- 
nation once epileptogenic activity has 
been generated. 

There has been much debate on the 
need for long-term anticonvulsant 
therapy for patients who have had 
only one seizure.'*'* The probability of 
recurrent or multiple seizures forms 
the basis for such a therapeutic deci- 
sion. Our findings suggest that despite 
widespread anticonvulsant use (in 
90% of our patients), 54% of patients 
with HIV infection who have an initial 
seizure will have another seizure. This 
is probably an underestimate, as 
lengthy follow-up was not always 
available. In addition, there is an in- 
creased tendency toward status epilep- 
ticus in this patient population. As we 
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are unable to predict which patients 
are likely to have recurrent seizures, it 
is our present general policy to pre- 
scribe long-term anticonvulsant ther- 
apy for all patients with HIV disease 
who have a seizure. 

New-onset seizures in a patient with 
HIV infection suggest the possibility 
of a potentially treatable new cerebral 
process such as toxoplasmosis, lym- 
phoma, or cryptococcal meningitis. We 
had 8 patients with cerebral lym- 
phoma and 7 with cryptococcal menin- 
gitis in our study of 70 patients. The 
CSF diagnosis of cryptococcal menin- 
gitis and particularly of lymphoma can 
be difficult. Our experience has been 
similar to that of others in that the 
routine CSF cell counts and chemistry 
studies were frequently normal in 
cryptococcal meningitis.'* In cerebral 
lymphoma, cytologic examination re- 
vealed the diagnosis in 25%, which is 
comparable with most figures of about 
29%." We suggest that when looking 
for a treatable process in a patient 
with HIV infection and a seizure, CSF 
examination for cryptococcal antigen, 
fungal culture, cytologic examination, 
and flow cytometry! may increase the 
diagnostic yield. Our experience has 
been that in the majority of cases, the 
CT scan does not reveal a focal lesion 
in patients with HIV infection and 
new-onset seizures. This raised the 
question as to whether the seizure in- 
dicated a new focal process that the CT 
scan failed to identify. However, our 
comparison of CT and autopsy findings 
showed that the CT scan correctly 
identified focal brain lesions in all but 
one patient with HIV infection who 
developed seizures. 

Our frequent EEG finding of gener- 
alized slowing is consistent with other 
studies.” Only 5 (25% ) of 20 EEGs re- 
vealed epileptiform discharges, sug- 
gesting that in patients with HIV and 
seizures, the EEG is relatively insen- 
sitive for detecting epileptogenic ac- 
tivity. We found the EEG useful for 
identifying nonconvulsive status epi- 
lepticus and would recommend its con- 
sideration in any patient with HIV in- 
fection and mental status changes. 

Of the 62 patients who received phen- 
ytoin therapy, 16 (26% ) had presumed 
adverse drug reactions, resulting in its 
discontinuation. Other processes in 
patients with HIV infection may be 
relevant or contributory. We note that 
many of these patients are leukopenic 
or thrombocytopenic, have abnormal 
results on liver function tests, and are 
taking multiple medications before 
starting phenytoin therapy. We sus- 
pect that these factors may be interac- 
tive with phenytoin use to cause the 


high incidence of adverse drug reac- 
tions in our study. However, our study 
was not designed to specifically exam- 
ine this issue, and we remain uncertain 
as to the exact mechanism of these ad- 
verse drug reactions. In contrast, al- 
though phenobarbital sodium therapy 
was only administered to 17 patients 
(vs 62 treated with phenytoin), there 
were no instances where it had to be 
discontinued because of adverse side 
effects (Fisher’s Exact Test, P = .013). 
We believe that further study compar- 
ing various anticonvulsants for this 
patient population would prove useful. 


We wish to thank Dr Carol Petito for her guid- 
ance with the neuropathologic material, Dr 
Jonathan Victor for his help with the statistical 
analysis, and Dr Jerome Posner for his advice and 
editorial comments. 
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Magnetic Resonance Imaging 
Findings in HIV Cognitive Impairment 
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è Atrophy and white matter changes 
seen on magnetic resonance imaging 
scans have been observed in association 
with the acquired immunodeficiency syn- 
drome dementia complex, but these ap- 
pear to be late findings relative to clinical 
expression. We report a new magnetic 
resonance imaging observation in pa- 
tients with early cognitive impairment due 
to human immunodeficiency virus infec- 
tion. Fifty-two patients had a total of 86 
magnetic resonance imaging scans during 
the study period. All scans were obtained 
with a 1.5-T system. The proton density 
spin echo (repetition time of 2000 milli- 
seconds and echo delay time of 30 milli- 
seconds) study demonstrated high-signal 
lesions in the region of the splenium of the 
corpus callosum and in the crura of the 
fornices. The lesions demonstrated no 
contrast enhancement with gadopentate 
dimeglumine. Pathological examination 
was performed in five patients. The fornix- 
subcallosal abnormality may be related to 
the memory dysfunction in patients with 
human immunodeficiency virus—related 
cognitive impairment. 

(Arch Neurol. 1990;47:643-645) 
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I: patients infected with the human 

immunodeficiency virus (HIV), 
there commonly occurs a syndrome of 
progressive cognitive and motor im- 
pairment, the acquired immunodefi- 
ciency syndrome (AIDS) dementia 
complex.'? This syndrome is of signif- 
icant clinical and research interest. 

The exact mechanism by which this 
syndrome is produced is not known. 
Several studies have suggested that 
direct HIV infection of the brain may 
be responsible for the development of 
the dementia complex.** Abnormali- 
ties on both computed tomography and 
magnetic resonance imaging (MRI) 
scans have been reported in individu- 
als with this complex. The most com- 
mon findings include cortical atrophy 
and white matter abnormalities, 
which range from scattered, periven- 
tricular high-signal lesions to large 
complex lesions. The size and progres- 
sion of lesions seen on MRI films ap- 
pear to be only roughly correlated with 
the extent and progression of the 
AIDS dementia complex.** In some in- 
stances, the dementia complex occurs 
early in the course of the disease and 
the findings described above are not 
present or are equivocal. This article 
reports a new observation on MRI 
scans in patients with early cognitive 
impairment due to HIV infection. We 
also report the results of autopsy in 
selected patients. 


PATIENTS AND METHODS 


Approximately 500 patients with HIV 
infection are seen annually at the Univer- 
sity of Rochester’s Infectious Disease 
Clinic. When these patients present with 
cognitive impairment or other cerebral 
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symptoms, they are usually referred for 
MRI. Neurological and psychiatric evalua- 
tions are also performed. All MRI scans ob- 
tained on these patients from January 1987 
through April 1989 were reviewed retro- 
spectively. The studies were performed us- 
ing a 1.5-T MRI scanner with a standard 
head coil. The following parameters were 
used: after a standard 5-mm-thick, T,- 
weighted sagittal-parasagittal study, 5- 
mm-thick axial images were obtained at 
7.5-mm intervals from the foramen mag- 
num to the vertex, with a repetition time of 
2000 milliseconds, an echo delay time of 30 
and 90 milliseconds, and one to two excita- 
tions. 

The field of view was set at 20 or 24 cm, 
and the imaging matrix at 128 X 256. T,- 
weighted coronal images were obtained us- 
ing the same pulse parameters. Eight pa- 
tients had T,-weighted axial images, witha 
repetition time of 400 to 600 milliseconds, 


Table 1.—Patients Referred for MRI 
by Reason for Referral* 


Reason for Referral 
a=_-ee———n————— > 
Cognitive Other 
Symptoms Symptoms 

(n= 33) (n= 19) 

32/1 


Patient 
Characteristics 


Sex, M/F 
Age, y 
Average 37.25 
Range 26-58 
Stage of illness, No. (%) 
HIV+ 6 (18) 
ARC 8 (24) 
AIDS 19 (58) 
Risk factors 
Homosexual 29 
IVDU 
Transfusion 
Unknown 





* MRI indicates magnetic resonance imaging; HIV, 
human immunodeficiency virus; AIDS, acquired im- 
munodeficiency syndrome; ARC, AlDS-related com- 
plex; and IVDU, intravenous drug user. 
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Fig 1.—Normal magnetic resonance imaging 
scan. Axial image (spin echo [2000-milli- 
second repetition time, 30-millisecond echo 
delay time]) at the level of the genu (g) and 
splenium (s) of the corpus callosum in a 
42-year-old female transfusion recipient with 
acquired immunodeficiency syndrome but no 
cognitive deficits shows normal signal at the 
crus of the fornix-subependymal region (ar- 
rows). 


Table 2.—Patients Referred for MRI, 
Presence of MRI Abnormality * 


MRI Abnormality 
= —_-e° ————-—~. 
Present Absent 
(p 26) (n = 26) 


25/1 19/7 


Patient 
Characteristics 
Sex, M/F 





Age, y 
Average 40 35 


Range 26-58 
Stage of illness, No. (%) 
HIV+ 2 (7) 
ARC 7 (27) 
AIDS 17 (66) 
Other MRI findings, No. (%) 
Atrophy 22 (85) 8 (30) 
Mass lesion 7 (23) 5 (19) 


* MRI indicates magnetic resonance imaging; HIV, 
human immunodeficiency virus; AIDS, acquired im- 
munodeficiency syndrome; and ARC, AIDS-related 
complex. 


26-62 


10 (38) 
7 (27) 
9 (35) 





an echo delay time of 20 milliseconds, 5-mm 
slice thickness, 1 excitation, and a 24-cm 
field of view. Following the routine scans, 
intravenous gadopentate dimeglumine (0.1 
mmol/kg) was administered to selected pa- 
tients over a 1- to 2-minute interval, and the 
T\-weighted imaging sequence was re- 
peated. 

Fifty-two patients had MRI scans during 
the study period. A total of 86 scans were 
performed, 19 of which were done with in- 
travenous infusion of gadolinium. Thirty- 
three (62%) of the patients were referred 
because of onset of cognitive symptoms. 
These symptoms included diminution of 
short-term memory, difficulty with concen- 
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Fig 2.—Axial noncontrast magnetic resonance imaging scan (spin echo [2000-millisecond rep- 
etition time, 30-millisecond echo delay time]) (left) and post-gadopentate dimeglumine image 
(600-millisecond repetition time, 20-millisecond echo delay time) (right) through the splenium of 
the corpus callosum in a 35-year-old homosexual man demonstrate an area of abnormal high Sig- 
nal in the crus of the fornix-subependymal region (arrows). With contrast, no abnormal areas of 


enhancement are seen. 


Table 3.—Cross-tabulation of Reason 
for Referral and Presence of MRI 
Abnormality * 


MRI 
Abnormality, No. 
SSS ET, 
Present Absent 
(n = 26) (n= 26) 


Reason for 
Referral 





Cognitive symptoms 
(n = 33) 

Other symptoms 
(n = 19) 





*MRI indicates magnetic resonance imaging. 
x? = 18.7; P< .001. 

tSix of these patients had a diagnosis of drug in- 
toxication and depression. 


tration, and a sense of a slowed thought 
process. The remaining 19 patients (38% ) 
were referred for a variety of problems in- 
cluding headache, mood change (ie, depres- 
sion), and cerebellar symptoms or signs. 
For purpose of further analysis, the pa- 
tients were grouped by reason for referral 
into two categories: cognitive change and 
other symptoms. The two groups were sim- 
ilar in age and stage of HIV infection. There 
were more women and intravenous drug 
users in the noncognitive referral group 


(Table 1). 
RESULTS 


A characteristic finding was ob- 
served in the MRI studies of the pa- 
tients with cognitive symptoms. There 
was evidence of high-signal lesions in 
the region of the splenium of the cor- 
pus callosum and in the crura of the 
fornices (Figs 1 and 2). A fine line of 


high-signal intensity was also seen in 
the region of the ependyma of the pos- 
terior aspect of the lateral ventricle. 
This abnormality was best seen on T,- 
weighted spin echo images with a short 
echo time (30 milliseconds). There was 
one case of contrast enhancement in 
the region of the splenium or fornix. 

All of the patients’ scans were re- 
viewed for the presence of this abnor- 
mality. The person reviewing the scans 
was unaware of the reason for the re- 
ferral (ie, whether cognitive changes 
were present). The group that demon- 
strated the abnormality was compared 
with the group without it (Table 2). 
The individuals in the group with the 
MRI findings were older on average 
and had later stages of HIV infection. 
In addition, they were more likely to 
have evidence of cortical atrophy on 
the MRI scan. There was a comparable 
prevalence of mass lesions in each 
group. 

Table 3 shows a cross-tabulation of 
the reason for referral and the pres- 
ence of the MRI abnormality. In re- 
viewing the clinical determination of 
the cause of the cognitive symptoms, 
27 patients (81%) were diagnosed as 
having HIV-related cognitive impair- 
ment or the AIDS dementia complex. 
Depression and drug intoxication were 
diagnosed in an additional six patients 
with cognitive symptoms, none of 
whom demonstrated the specific MRI 
abnormality. Therefore, 24 of the 27 
patients diagnosed as having HIV-in- 
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duced cognitive change (88% ) demon- 
strated the MRI abnormality, whereas 
only 2 of the 19 patients without cog- 
nitive symptoms had the abnormality. 
These 2 patients presented with mania 
and visual changes following head 
trauma. (The patient who presented 
with mania went on to develop cogni- 
tive impairment, and the other patient 
was unavailable for follow-up.) 

Pathological examination was per- 
formed in five patients who had pre- 
sented with cognitive symptoms and 
had demonstrated the MRI abnormal- 
ity. All had the clinical diagnosis of 
HIV dementia. At autopsy, all had ev- 
idence of HIV infection with multinu- 
clear giant cells, white matter gliosis, 
and microglial nodules. In addition, 
two patients also had primary central 
nervous system lymphoma, one of 
them also having varicella-zoster virus 
encephalitis of the temporal lobe. A 
second patient had evidence of cytomeg- 
alovirus ependymitis. No specific ab- 
normalities were detected in the fornix 
or the corpus callosum in four of these 
patients using standard light micros- 
copy. In one patient lymphoma was 
found in the region of the fornix. This 
patient also demonstrated gadolinium 
enhancement on MRI in this region (to 
be reported separately). 


COMMENT 


We have described a previously un- 
reported constellation of white matter 
abnormalities seen in patients with 
cognitive changes associated with HIV 
infection. These findings involve the 
area of the splenium of the corpus cal- 
losum and the crura of the fornices. 
They may exist independently of other 
white matter abnormalities previously 
described in HIV infection. The prior 
reports of MRI abnormalities have not 
mentioned this observation, although 
it may have existed in their scans.°? We 
identified fewer diffuse white matter 
changes than in previous reports, 
which may indicate that we tested our 
population earlier in the disease pro- 
cess or that we have a different popu- 
lation (ie, homosexuals vs intravenous 
drug users). 

The abnormalities were more likely 
to be present in the group of patients 
with cognitive symptoms. Among this 
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group, those with a clinical diagnosis 
of HIV-related dementia were the only 
affected patients. Those patients with 
other causes of cognitive symptoms 
(drug intoxication, depression) did not 
demonstrate the MRI changes. How- 
ever, three patients thought to have 
HIV-related dementia did not have the 
findings. 

A similar white matter signal from 
the fornix may be seen in individuals 
over 55 years of age or in younger pa- 
tients suffering small-vessel cere- 
brovascular disease (eg, diabetes mel- 
litus). However, these cases also 
demonstrate more widespread peri- 
ventricular or subcortical white mat- 
ter disease. Only three patients in our 
series were older than 55 years, and 
two of these did not demonstrate the 
changes in the fornix. No patient had 
known risk factors for cerebrovascular 
disease (eg, diabetes, hypertension). 

The retrospective nature of our 
study limits the predictive value of the 
MRI findings. A larger prospective 
study with repeated imaging is neces- 
sary to determine the utility of this 
finding in predicting cognitive deterio- 
ration. In the few patients who had se- 
rial scans, cognitive deterioration was 
associated with increasing atrophy 
and white matter changes, but the de- 
scribed lesion did not change once it 
was detected. 

The location of the lesion has impli- 
cations about the pathophysiology of 
the cognitive deterioration seen in 
HIV infection. Although no specific 
postmortem microscopic abnormali- 
ties were detected in the region of the 
fornix, the MRI studies suggested that 
this region was affected early in the 
disease process. Further detailed 
pathological studies, including immu- 
nohistochemical analyses and in situ 
hybridization, are being pursued. Both 
the corpus callosum and fornix are 
important pathways for processing in- 
formation. The fornix provides recip- 
rocal innervation for the hippocampus 
and mamillary bodies. The corpus 
callosum provides a major interhemi- 
spheric pathway. Cognitive impair- 
ment is prominent in diseases affect- 
ing these structures (eg, Wernicke- 
Korsakoff, Marchiafava-Bignami). 

Cognitive deterioration in HIV-in- 


fected patients may result from a va- 
riety of pathophysiological mecha- 
nisms, including direct infection of the 
brain by the HIV. Magnetic resonance 
imaging has been helpful in identify- 
ing mass lesions and white matter 
changes; however, there have been few 
specific MRI findings identified in HIV 
brain infection. The constellation of 
abnormalities we describe has not 
been found in patients with cognitive 
impairment caused by either drug in- 
toxication or depression; these abnor- 
malities were found in almost all pa- 
tients suffering HIV-related cognitive 
impairment. The MRI abnormalities 
were evident in most patients within 6 
months of the onset of cognitive symp- 
toms. It has been our experience that 
patients with cognitive complaints 
who do not demonstrate the MRI ab- 
normality warrant a thorough inves- 
tigation for reversible causes of cogni- 
tive impairment other than HIV infec- 
tion. This includes an evaluation for 
drug intoxication, occult infection, 
thyroid dysfunction, vitamin defi- 
ciency states, and depression. 
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Long-term Cognitive Sequelae of . 
Acyclovir-Treated Herpes Simplex Encephalitis 


Barry Gordon, MD, PhD; Ola A. Selnes, PhD; John Hart, Jr, MD; 
' Daniel F. Hanley, MD; Richard J. Whitley, MD 


è Survival from untreated herpes sim- 
plex type 1 encephalitis is well known to 
be accompanied by severe cognitive im- 
pairments. Recently, acyclovir has been 
proven to be the most effective available 
treatment for this disease, with the expec- 
tation that it would appreciably reduce 
morbidity. We performed detailed assess- 
ments of four consecutive patients who 
received acyclovir in the early stages of 
biopsy-proven herpes encephalitis and 
who now have been followed up for 1.5 to 
4 years. All four patients showed definite 
residual on either clinical or formal neu- 
ropsychological testing, most commonly 
dysnomia and impaired new learning for 
both verbal and visual material, even 
though three had normal performance ona 
standard clinical mental status test. All 
four patients were unable to function at 
their prior level of achievement. There- 
fore, despite early administration of acy- 
clovir in herpes encephalitis, long-lasting 
neuropsychological residua are likely. Fur- 
thermore, cognitive deficits of prognostic 
importance may not be detected by clini- 
cal screening. 

(Arch Neurol. 1990;47:646-647) 


Herpes simplex type 1 encephalitis 

(HSE-1) is an uncommon, but a 
potentially fatal, viral encephalitis 
caused by the herpes simplex type 1 
virus. It accounts for 5% to 10% of the 
approximately 20000 cases of enceph- 
alitis that occur each year in the 
United States.! The typical clinical 
presentation is that of an acute febrile 
illness with behavioral abnormalities, 
decreased level of consciousness, and 
focal neurologic signs. No reliable non- 
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invasive technique has been developed 
to diagnose HSE-1 during its early 
stages, and differentiation of HSE-1 
from other types of viral encephalitis 
and other focal infections remains dif- 
ficult. A number of recent studies have 
shown that early recognition and 
prompt institution of antiviral ther- 
apy can significantly reduce the mor- 
tality and the morbidity of this 
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illness.?* If treatment with acyclovir is 
instituted prior to loss of conscious- 
ness, the mortality rate has been re- 
ported to be as low as 17% compared 
with 70% without therapy.’ 

The severe cognitive and behavioral 
sequelae in survivors of HSE-1 prior to 
institution of antiviral therapy are 
well known.** Patients with HSE-1 
who are treated with antiviral agents, 







Patient No. 

























3 1 3 
2 27 30 
NA 89 105 
NA 114 76 


















— + + 
+/— + 7 
- + + 
NA 89 101 
NA - - 















NA N - 
NA LA + 
NA + + 


*IQ indicates intelligence quotient; NA, not applicable; plus sign, an intact function; minus sign, impaired 
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particularly when therapy is initiated 
in the earliest stages, might be ex- 
pected to show good recovery. How- 
ever, there are few data on this point. 
Patients in the category of mildest 
disease (prior to loss of consciousness) 
who have had biopsy confirmation are 
relatively uncommon; there were only 
17 patients in this category in a na- 
tional study.' Moreover, in prior 
studies, follow-up has only been short- 
term and cognitive sequelae have only 
been investigated with global scales 
such as the Mini-Mental State exami- 
nation.2 Herein we report long-term 
cognitive follow-up with formal neuro- 
psychological assessment of four pa- 
tients who were in the mildest cate- 
gory of treated HSE-1 in the national 
study. All were found to have signifi- 
cant residua. 


PATIENTS AND METHODS 


Four consecutive patients (two women, 
two men) who had been in the early stage of 
the disease, who had confirmation of HSE-1 
by biopsy, and who were treated with 10 
days of acyclovir therapy (30 mg/kg per 
day) as part of a national study,’ had 
follow-up neuropsychological testing. By 
early stage, we refer to the clinical condition 
and period prior to initiation of treatment, 
which in these patients was defined as a 
Glasgow Coma Scale” score of 9 to 15 and an 
average of 9.75 days (range, 5 to 20 days) 
from the appearance of fever and headache 
to the first acyclovir treatment. Descriptive 
data on these patients are given in the Ta- 
ble. 

Patients 1 and 2 were evaluated approx- 
imately 3 years after the onset of their ill- 
ness; patient 3 at 1 week and at 1 year; and 
patient 4 at 1 week and 3 years. The cogni- 
tive function tests included measures of at- 
tention/concentration, intelligence, lan- 
guage, new learning and memory, visuocon- 
structional abilities, and verbal fluency. All 
patients, with the exception of patient 2, 
were able to participate in the testing 
without difficulty. Patient 2 had had a pre- 
existing compensated hepatic failure, and 
had been functioning at home prior to the 
onset of HSE-1. On testing after the HSE-1 
episode, she had a fluent, transcortical type 
of aphasia, with impaired comprehension, 
spontaneous speech, and writing, so only 
limited testing could be accomplished with 
her. 


RESULTS 


The results are summarized in the 
Table. All of the patients with pre- 
dominantly left hemispheric involve- 
ment by HSE-1 (as determined by 
computed tomographic scan’? and bi- 
opsy) showed significant dysnomia, a 
decreased verbal intelligence quotient, 
and moderate-to-severe impairments 
of new learning and memory. Patient 
4, who had had predominantly right- 
sided involvement, showed a corre- 


Arch Neurol—Vol 47, June 1990 


spondingly decreased performance in- 
telligence quotient and markedly im- 
paired visual memory (impaired both 
in new learning and in recognition of 
previously known family and friends), 
with intact verbal functions and verbal 
memory. Patient 4 also had periods of 
marked depression following his en- 
cephalitis, with a suicide attempt, as 
well as episodes of uncontrollable rage 
and physical violence. 


COMMENT 


Although three of the four patients 
had posttreatment Mini-Mental State 
examination scores of 29 or above, they 
nonetheless showed definite residua on 
neuropsychological testing. The most 
commonly seen deficit was a moder- 
ately severe dysnomia and varying de- 
grees of anterograde amnesia. These 
deficits are consistent with the tempo- 
ral lobe localization of HSE-1.'? Some 
of the patients also showed impair- 
ments in areas such as calculations, 
visuoconstructional abilities, and fa- 
cial recognition. Three of these pa- 
tients attempted to return to their 
previous jobs, but patient 1 was unable 
to handle her previous responsibilities 
as a bank teller. Patient 2 was unable 
to return to her homemaking duties, 
and was institutionalized. Patient 3 
tried returning to his previous job as a 
maitre d’, but could only function as a 
waiter. Patient 4, the only one with 
right temporal lobe involvement by 
the disease, has had difficulty continu- 
ing his job as an assembly line worker 
because of impaired visual recognition 
abilities and poor emotional control. 

These data demonstrate that even 
with relatively early treatment of 
HSE-1 with acyclovir, long-lasting or 
permanent neuropsychological re- 
sidua are likely. This has two implica- 
tions. First, even though acyclovir was 
given to our four patients early in the 
course of their disease, in comparison 
with most patients with HSE-1, it may 
not have been early enough, if the cog- 
nitive deficits are considered. Even in 
the earliest case, acyclovir therapy 
was begun 5 days after the onset of 
symptoms. A further reduction in 
morbidity might be possible if this in- 
terval could be shortened. Thus, cogni- 
tive impairment is another reason 
why, when HSE-1 is suspected, it 
should be confirmed as soon as possi- 
ble, and treatment begun if indicated. 

The second implication of these def- 
icits is that the physician should an- 
ticipate their presence. Given the lo- 
calization of early herpes infection to 
the temporal lobes and adjacent limbic 
structures," these deficits are not 
necessarily evident with a standard 


clinical examination or even with a 
mental status screening test such as 
the Mini-Mental State examination. 
Nonetheless, despite their clinical sub- 
tlety, these deficits may have signifi- 
cant practical implications for the pa- 
tient’s ability to return to his or her 
regular life and work. Therefore, a de- 
tailed follow-up evaluation of the pa- 
tient’s performance and cognitive abil- 
ities is indicated in all of these cases. 
This follow-up evaluation is necessary 
for social counseling and for final de- 
termination of the level of disability. 
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istration. Its chemical name is 5H-dibenz(b.flazepine-5-carboxamide. and its structural 
formula is 


À 
CONH; 


Carbamazepine USP ıs a white to off-white powder, practically insoluble in water and 
soluble in alcohol and in acetone. Its molecular weight is 236.27 
Inactive Ingredients. Colloidal silicon dioxide, FD&C Red No. 3 (chewable tablets only), 
FD&C Red No. 40 (200-mg tablets only). tlavoring (chewable tablets only), gelatin, glycer- 
in, Magnesium stearate, sodium starch glycolate (chewable tablets only), starch. stearic 
acid, and sucrose (chewable tablets onty) 

CLINICAL PHARMACOLOGY 
In controlled clinical trials. Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trigeminal neuralgia 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures. It appears to act by reducing polysynaptic responses and 
blocking the posttetanic potentiation Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats. It depresses thalamic potential and 
bulbar and polysynaptic reflexes. including the limguomandibular reflex in cats. Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to control the pain of 
trigeminal neuralgia. The mechanism of action remains unknown 

Tegretol tablets are adequately absorbed after oral administration at a slower rate than a 
Solution, thus avoiding undesirably high peak concentrations. Tegretol in blood is 76% 
bound to plasma proteins Plasma levels of Tegretol are variable and may range trom 
0.5-25 ug/ml. with no apparent relationship to the daily intake of the drug. Usual adult 
therapeutic levels are between 4 and 12 ug/ml. Following oral administration, serum 
levels peak at 4 to 5 hours. The CSF/serum ratio is 0.22, similar to the 22% unbound 
Tegretol in serum. Because Tegretol may induce its own metabolism, the half-life is also 
variable. Initial half-life values range trom 25-65 hours, with 12-17 hours on repeated 
doses. Tegretol is metabolized in the liver After oral administration of '4C-carbamazepine 
72% of the administered radioactivity was found in the urine and 28% in the feces. This 
urinary radioactivity was composed largely of hydroxylated and conjugated metabolites 
with only 3% of unchanged Tegretol. Transplacental passage ot Tegretol is rapid (30 to 60 
minutes). and the drug ts accumulated in fetal tissues, with higher levels found in liver and 
kidney than in brain and lungs 
INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug Evidence supporting 
efficacy of Tegretol as an anticonvulsant was derived trom active drug-controlied studies 
that enrolled patients with the following seizure types 
1. Partial seizures with complex symptomatology (psychomotor. temporal lobe). Patients 
with these seizures appear to show greater improvement than those with other types 
2 Generalized tonic-clonic seizures (grand mal) 

3 Mixed seizure patterns which include the above, or other partial or generalized 
seizures 

Absence seizures (petit mal) do not appear to be controlled by Tegreto! (see PRECAU- 
TIONS. General) 

Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associated with 
true trigeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal neuralgia 

This drug is not a simple analgesic and should not be used for the relief of trivial aches or 
pains 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow depression. 
hypersensitivity to the drug, or known sensitivity to any of the tricyclic compounds, such 
as amitriptyline, desipramine, imipramine, protriptyline, nortriptyline. etc Likewise, on 
theoretical grounds its use with monoamine oxidase inhibitors is not recommended 
Before administration of Tegretol, MAO inhibitors should be discontinued for a minimum 
of fourteen days. or longer if the clinical situation permits 
WARNINGS 
Patients with a history of adverse hematologic reaction to any drug may be particularly at 
risk, 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyell’s syndrome) 
and Stevens-Johnson syndrome. have been reported with Tegretol. These reactions have 
been extremely rare. However, a few fatalities have been reported 

Tegretol has shown mild anticholinergic activity: therefore. patients with increased 
intraocular pressure should be closely observed during therapy 

Because of the relationship of the drug to other tricyclic compounds, the possibility of 
activation of a latent psychosis and. in elderly patients, of confusion or agitation should be 
borne in mind 
PRECAUTIONS 
General: Betore initiating therapy, a detailed history and physical examination should be 
made 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures, since in these patients Tegretol has been associated 
with increased frequency of generalized convulsions (see INDICATIONS AND USAGE) 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients with 
a history of cardiac, hepatic or renal damage. adverse hematologic reaction to other 
drugs, or interrupted courses of therapy with Tegretol 
Information for Patients: Patients should be made aware of the early toxic signs and 
symptoms of a potential hematologic problem. such as fever, sore throat, ulcers in the 
mouth, easy bruising, petechial or purpuric hemorrhage. and should be advised to report 
to the physician immediately if any such signs or symptoms appear 

Since dizziness and drowsiness may occur, patients should be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentially dangerous 
tasks 
Laboratory Tests: Complete pretreatment blood counts. including platelets and possibly 
reticulocytes and serum iron, should be obtained as a baseline It a patient in the course of 
treatment exhibits low or decreased white blood cell or platelet counts. the patient should 
be monitored closely. Discontinuation of the drug should be considered if any evidence ot 
significant bone marrow depression develops 

Baseline and periodic evaluations of liver function, particularly in patients with a history 
of liver disease. must be performed during treatment with this drug since liver damage 
may occur The drug should be discontinued immediately in cases of aggravated liver 
dysfunction or active liver disease 

Baseline and periodic eye examinations, including slit-lamp, funduscopy and tonome- 
try. are recommended since many phenothiazines and related drugs have been shown to 
cause eye changes 

Baseline and periodic complete urinalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dystunction 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the etficacy 





and safety of anticonvulsants This monitoring may be particularly usetul in cases of 
dramatic increase in seizure frequency and for verification of compliance. In addition, 
measurement of drug serum levels may aid in determining the cause of toxicity when more 
than one medication is being used 

Thyroid function tests have been reported to show decreased values with Tegretol 
administered alone 

Hyponatremia has been reported in association with Tegretol use. either alone or in 
combination with other drugs 
Drug Interactions: The simultaneous administration of phenobarbital. phenytoin. or 
Primidone. or a combination of two. produces a marked lowering of serum levels of 
Tegretol. The effect of valproic acid on Tegreto! blood levels is not Clearly established 

The half-lives of phenytoin, wartarin, doxycycline. and theophylline were significantly 
shortened when administered concurrently with Tegretol! Haloperidol and valproic acid 
serum levels may be reduced when these drugs are administered with Tegreto! The doses 
of these drugs may therefore have to be increased when Tegretol is added to the 
therapeutic regimen 

Concomitant administration of Tegretol with erythromycin, cimetidine, propoxyphene. 
isoniazid or calcium channel blockers has been reported to result in elevated plasma levels 
of carbamazepine resulting in toxicity in some cases Also. concomitant administration of 
carbamazepine and lithium may increase the risk of neurotoxic side etfects 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications 

Breakthrough bieeding has been reported among patients receiving concomitant oral 
contraceptives and their reliability may be adversely attected 
Carcinogenesis, Mutagenesis, impairment of Fertility: Carbamazepine. when admin- 
istered to Sprague-Dawley rats for two years in the diet at doses of 25. 75. and 250 
mg/kg/day, resulted in a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of males 

Carbamazepine must. therefore, be considered to be carcinogenic in Sprague-Dawley 
fats. Bacterial and mammalian mutagenicity studies using carbamazepine produced 
negative results The significance of these findings relative 10 the use of carbamazepine in 
humans ıs. at present, unknown 
Pregnancy Category C: Tegretol has been shown to have adverse effects in reproduction 
Studies in rats when given orally in dosages 10-25 times the maximum human daily dosage 
of 1200 mg In rat teratology studies. 2 of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate. 1 talipes, 1; 
anophthalmos, 2) In reproduction studies in rats, nursing offspring demonstrated a lack 
of weight gain and anunkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women Tegretol should 
be used during pregnancy only if the potential benefit justifies the potential nsk to the 
fetus 

Retrospective case reviews suggest that, compared with monotherapy, there may be a 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
combination therapy. Therefore. monotherapy is recommended tor pregnant women 

It is important to note that anticonvulsant drugs should not be discontinued in patients 
in whom the drug is administered to prevent major seizures because of the strong 
Possibility of precipitating status epilepticus with attendant hypoxia and threat to lite. In 
individual cases where the severity and frequency of the seizure disorder are such that 
removal of medication does not pose a serious threat to the patient, discontinuation of the 
drug may be considered prior to and during pregnancy, although it cannot be said with any 
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confidence that even minor seizures do not pose some hazard to the developing embryo or 
fetus 
Labor and Delivery: The effect of Tegretol on human labor and delivery is unknown 
Nursing Mothers: During lactation, concentration of Tegretol in milk is approximately 60% 
of the maternal plasma concentration 

Because of the potential for serious adverse reactions in nursing infants from carbamaz- 
epine, a decision should be made whether to discontinue nursing or to discontinue the 
drug, taking into account the importance of the drug to the mother 
Pediatric Use: Safety and etfectiveness in children below tne age of 6 years have not been 
established 
ADVERSE REACTIONS 
If adverse reactions are of such severity that the drug must be discontinued, the physician 
must be aware that abrupt discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epilepticus with its life-threatening 
hazards 

The most severe adverse reactions have been observed in the hemopoietic system (see 
boxed WARNING). the skin and the cardiovascular system 

The most frequently observed adverse reactions. Particularly during the initial phases of 
therapy, are dizziness. drowsiness. unsteadiness, nausea. and vomiting To minimize the 
possibility of such reactions, therapy should be initiated at the low dosage recommended 

The tollowing additional adverse reactions have been reported 
Hemoporetic System: Aplastic anemia, agranulocytosis pancytopenia. bone marrow 
depression, thrombocytopenia, leukopenia, leukocytosis. eosinophilia 
Skin: Pruritic and erythematous rashes. urticana, toxic epidermal necrolysis (Lyell’s 
syndrome) (see WARNINGS), Stevens-Johnson syndrome (see WARNINGS). photosensi- 
tivity reactions, alterations in skin pigmentation, exfoliate dermatitis, erythema multi- 
forme and nodosum, purpura, aggravation of disseminated lupus erythematosus, 
alopecia. and diaphoresis. In certain cases. discontinuation of therapy may be necessary 
Cardiovascular System Congestive heart failure, edema. aggravation of hypertension. 
hypotension, syncope and collapse, aggravation of coronary artery disease, arrhythmias 
and AV block. primary thrombophlebitis. recurrence of thrombophlebitis, and adenopathy 
or lymphadenopathy 

Some of these cardiovascular complications have resulted in fatalities Myocardial 
iMfarction has been associated with other tricyclic compounds 
Liver: Abnormalities in liver function tests. cholestatic and hepatocellular jaundice 
hepatitis 
Respiratory System. Pulmonary hypersensitivity characterized by fever, dyspnea. pneu- 
monitis or pneumonia 
Genitourinary System: Urinary frequency, acute urinary petention. oliguria with elevated 
blood pressure. azotemia, renal failure. and impotence Albuminuria, glycosuria. elevated 
BUN and microscopic deposits in the urine have also been reported 

Testicular atrophy occurred in rats receiving Tegretol! orally trom 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day Additionally, rats receiving Tegretol in the diet tor two years 
at dosage levels of 25. 75. and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis In dogs. it produced a brownish discoloration presum- 
ably a metabolite. in the urinary bladder at dosage levels of 50 mg/kg and higher 
Relevance of these tindings to humans is unknown 
Nervous System Dizziness, drowsiness. disturbances of coordination, confusion. head- 
ache, fatigue. blurred vision, visual hallucinations, transient diplopia, oculomotor distur- 
bances, nystagmus. speech disturbances, abnormal involuntary movements. peripheral 
neuritis and paresthesias. depression with agitation, talkativeness, tinnitus. and hyper- 
acusis 

There have been reports of associated paralysis and other symptoms of cerebral arterial 
insufficiency. but the exact relationship of these reactions to the drug has not been 
established 
Digestive System’ Nausea, vomiting, Gastric distress and abdominal pain. diarrhea 
Constipation, anorexia. and dryness of the mouth and pharynx. including glossitis and 
Stomatitis 
Eyes Scattered. punctate. cortical lens opacities. as well as conjunctivitis have been 
reported Although a direct causal relationship has not been established. many phenotnia- 
zines and related drugs have been shown to cause eye changes 
Musculoskeletal System Aching joints and muscles. anc leg cramps 
Metabolism. Fever and chills Inappropriate antidiurete: hormone (ADH) secretion syn- 
drome has been reported Cases of frank water intoxication. with decreased serum sodium 
(hyponatremia) and contusion. have been reported in association with Tegreto! use (see 
PRECAUTIONS, Laboratory Tests) 
Other Isolated cases of a lupus erythematosus-like syndrome have been reported There 
have been occasional reports of elevated levels of cholesterol. HDL cholesterol and 
triglycerides in patients taking anticonvulsants 
DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol, nor is there evidence of 
psychological or physical dependence in humans 





OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose: adults, >60 g (39-year-old man). Highest known doses 
Survived: adults, 30 g (31-year-old woman); children. 10 g (6-year-old boy): small 
children, 5 g (3-year-old gir!) 

Oral LD5Q in animals (mg/kg) mice, 1100-3750: rats, 3850-4025: rabbits, 1500-2680: 
guinea pigs, 920. 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours Neuromuscular disturbances are the 
most prominent. Cardiovascular disorders are generally milder. and severe cardiac com- 
plications occur only when very high doses (>60 g) have been ingested 
Respiration: Irregular breathing, respiratory depression 
Cardiovascular System Tachycardia. hypotension or hypertension, shock. conduction 
disorders 
Nervous System and Muscles: Impairment of consciousness ranging in severity to deep 
coma Convulsions. especially in small children Motor restlessness. muscular twitching, 
tremor, athetoid movements. opisthotonos, ataxia, drowsiness, dizziness. mydriasis, 
nystagmus, adiadochokinesia, ballism. psychomotor disturbances. dysmetria Initial 
hyperreflexia, followed by hyporeflexia 
Gastrointestinal Tract: Nausea, vomiting. 
Kidneys and Bladder: Anuria or oliguria, urinary retention 
Laboratory Findings: Isolated instances of overdosage have included leukocytosis, re- 
ducec leukocyte count, glycosuria and acetonuria. EEG may show dysrhythmias 
Combined Poisoning: When alcohol, tricyclic antidepressants. barbiturates or hydantoins 
are taken at the same time, the signs and symptoms of acute poisoning with Tegretol may 
be aggravated or modified 
Treatment 
The prognosis in cases of severe poisoning is Critically dependent upon prompt elimination 
of the drug. which may be achieved by inducing vomiting, irrigating the stomach. and by 
taking appropriate steps to diminish absorption It these measures cannot be implemented 
without risk on the spot, the patient should be transferred at once to a hospital, while 
ensuring that vital functions are safeguarded. There is no specific antidote 
Elimination of the Drug. induction of vomiting 

Gastric lavage Even when more than 4 hours have elapsed following ingestion of the 
drug, the stomach should be repeatedly irrigated. especially if the patient has also 
consumed alcohol 
Measures to Reduce Absorption. Activated charcoal, laxatives 
Measures to Accelerate Elimination’ Forced diuresis 

Dialysis is indicated only in severe poisoning associated with renal failure Replacement 
transfusion 1s indicated in severe poisoning in small children 
Respiratory Depression. Keep the airways free: resort, it necessary, to endotracheal 
intubation, artificial respiration. and administration of oxygen 
Hypotension. Shock. Keep the patient's legs raised and administer a plasma expander. If 
blood pressure fails to rise despite measures taken to increase plasma volume. use of 
vasoactive substances should be considered 
Convulsions Diazepam or barbiturates 
Warning: Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension. and coma However, barbiturates should Not be used if drugs that 
inhibit Monoamine oxidase have also been taken by the patient either in overdosage or in 
recent therapy (within one week) 
Surveillance Respiration, cardiac function (ECG monitoring), blood pressure, body tem- 
perature. pupillary reflexes. and kidney and bladder function should be monitored tor 
several days 
Treatment of Blood Count Abnormalities: It evidence ot significant bone marrow depres- 
sion develops. the following recommendations are Suggested: (1) stop the drug, (2) per- 
form daily CBC. platelet and reticulocyte counts, (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery 

Special periodic studies might be helpful as follows. (1) white cell and platelet anti- 
bodies, (2) 59Fe—terrokinetic studies. (3) peripheral blood cell typing. (4) cytogenetic 
Studies on marrow and peripheral blood. (5) bone marrow culture studies tor colony- 
forming units. (6) hemoglobin electrophoresis tor Ao and F hemoglobin, and (7) serum 
folic acid and B42 levels 

A tully developed aplastic anemia will require appropriate. intensive monitoring and 
therapy, tor which specialized consultation should be sought 
DOSAGE AND ADMINISTRATION 
Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS. Laboratory Tests). Dosage should be adjusted to the needs of the individ- 
ual patient A low initial daily dosage with a gradual increase is advised As soon as 
adequate control is achieved. the dosage may be reduced very gradually to the minimum 
effective level. Tablets should be taken with meals 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—Initial 200 mg bid Increase at weekly 
intervals by adding up to 200 mg per day using atid orqid regimen until the best 
response is obtained. Dosage should generally not exceed 1000 mg daily in children 12 to 
15 years of age, and 1200 mg daily in patients above 15 years of age Doses up to 1600 mg 
daily have been used in adults in rare instances. Maintenance: Adjust dosage to the 
minimum effective level. usually 800-1200 mg daily 
Children 6-12 years of age—initial: 100 mg b i.d increase at weekly intervals by adding 
100 mg per day using atid. or g.i.d regimen until the best response is obtained Dosage 
should generally not exceed 1000 mg. Maintenance: Adjust dosage to the minimum 
effective level, usually 400-800 mg daily 
Combination Therapy: Tegretol may be used alone or with other anticonvulsants. When 
added to existing anticonvulsant therapy, the drug should be added Qradually while the 
other anticonvulsants are maintained or gradually decreased. except phenytoin, which 
may Nave to be increased (see PRECAUTIONS. Drug Interactions and Pregnancy Category 
C) 
Trigeminal Neuralgia (see INDICATIONS AND USAGE) 
Initial: 100 mg b i.d on the first day for a total daily dose of 200 mg. This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg every 12 hours only as 
neeced to achieve freedom from pain Do not exceed 1200 mg daily 
Maintenance: Control of pain can be maintained in most patients with 400 mg to 800 mg 
daily. However, some patients may be maintained on as littie as 200 mg daily, while others 
may require as much as 1200 mg daily. At least once every 3 months throughout the 
treatment period, attempts should be made to reduce the dose to the minimum ettective 
level or even to discontinue the drug 
HOW SUPPLIED 
Chewable Tablets 100 mg— round. red-speckled. pink. single-scored (imprinted Tegretol! 
on one side and 52 twice on the scored side) 


Botties of 100 NOC 0028-0052-01 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NDC 0028-0052-61 


Tablets 200 mg—capsule-shaped. pink, single-scored (imprinted Tegretol on one side 
and 27 twice on the scored side) 

Bottles of 100 

Bottles of 1000 
Gy-Pak*—One Unit 

12 bottles—100 tablets each 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) i NDC 0028-0027-61 
Samples. when available. are identified by the word SAMPLE appearing on each tablet 
Protect trom moisture 
Dispense in tight container (USP) 
Also available as Tegretol suspension 100 mg/5 mi, in 450 mi bottles 


NOC 0028-0027-01 
NDC 0028-0027-10 


NDC 0028-0027-65 


Printed in U.S.A C89-36 (Rev 9/89) 


GEIGY Pharmaceuticals 
Division of CIBA-GEIGY Corporation 


G ie 
€ I gy Ardsley, New York 10502 


© 1990, CIBA-GEIGY. (2/90) 318-3824-A 2 


+ 


y 


Hereditary Cerebral Hemorrhage With 
Amyloidosis-Dutch Type 


Clinical and Computed Tomographic Analysis of 24 Cases 


Joost Haan, MD; Paul R. Algra, MD; Raymund A. C. Roos, MD 


è Clinical and computed tomographic 
findings in 24 patients with hereditary ce- 
rebral hemorrhage with amyloidosis-Dutch 
type were reviewed. The common initial 
symptoms were headache and vomiting. 
Computed tomographic scans showed 50 
hypodense and 49 hyperdense cortical le- 
sions and in 20 patients the scans also 
showed generalized white matter hypo- 
density. Impairment of consciousness was 
related to the size of the hemorrhagic 
lesion. Dementia, seen in 11 patients, was 
related to the duration of the disease and 
the number of focal lesions on the com- 
puted tomographic scans, but not to the 
presence of white matter hypodensity. Itis 
concluded that in hereditary cerebral hem- 
orrhage with amyloidosis-Dutch type, lo- 
bar hemorrhages account predominantly 
for the acute clinical syndromes. The hem- 
orrhages often have an irregular shape 
and are responsible for progression of the 
symptoms after an acute onset. Further- 
more, cerebral amyloid angiopathy leads 
to a generalized abnormality of the white 
matter, probably due to chronic hypoper- 
fusion. 

(Arch Neurol. 1990;47:649-653) 


Hereditary cerebral hemorrhage 

with amyloidosis-Dutch type 
(HCHWA-D) is an autosomal domi- 
nant disease, leading to recurrent 
strokes in normotensive patients be- 
tween the ages of 45 and 65 years, and 
is caused by extensive deposition of 
amyloid in the cortical arterioles. Most 
of the strokes are hemorrhagic and oc- 
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cur in the subcortical white matter, 
with extension to the cortical surface.’ 

We reviewed the clinical and com- 
puted tomographic (CT) findings of 
patients with HCHWA-D, because 
this disease allows in vivo investiga- 
tion of the acute and chronic clinical 
syndromes caused by amyloid angio- 
pathy. 


PATIENTS AND METHODS 


The charts of all patients with HCHWA- 
D in whom one or more cerebral CT scans 
had been performed from December 1983 
(the date of the introduction of a third- 
generation CT scanner) to January 1989 
were reviewed with respect to the first 
manifestation, the age at onset, the number 
and symptoms of the strokes, the presence 
of dementia (based on the history, clinical 
investigation, and/or neuropsychological 
investigation), the form of treatment, and 
the prognosis. 

Computed tomographic scanning had 
been performed with an acquisition matrix 
size of 256 X 256, a scan time of 4.8 seconds, 
and a slice thickness of 9 mm. No contrast 
medium was given intravenously. All scans 
were analyzed by one of us (P.R.A.), who 
was not aware of the clinical data and who 
scored the following items: number, shape, 
and localization of hypodense and hyper- 
dense lesions, changes in the white matter, 
extension of blood into cerebrospinal fluid 
spaces, size of the lesion (small, diameter 
<1 em and visible on one or two slices; me- 
dium-sized, diameter 1 to 3 cm and visible 
on three or four slices; and large, diameter 
>3 em and visible on more than four slices). 
Hyperdense lesions that changed into hy- 
podense lesions on subsequent CT scans 
were counted as hyperdense lesions. 


STATISTICAL ANALYSIS 


For comparison of demented and nonde- 
mented patients with HCHWA-D, we used 
the Mann-Whitney U and x? tests. 


RESULTS 


Twenty-four patients (17 males and 
7 females) with HCHWA-D were in- 


cluded. The diagnosis was based on 
clinical and genealogical data, and in 
some cases was confirmed by biopsy (5 
patients) or autopsy (4 patients) find- 
ings. None of the patients suffered 
from hypertension or a cardiac source 
of embolism. One patient was receiv- 
ing anticoagulation because of cardiac 
arrhythmia at the time of his first 
hemorrhagic stroke, but he had several 
other hemorrhagic strokes after with- 
drawal of this medication. 

The first manifestation of HCHWA- 
D was a stroke in all patients, and the 
age at onset ranged from 43 to 66 years 
(mean, 50.7 + 6.4 years). In 5 patients, 
a cerebral hemorrhage was surgically 
removed, and in the other 19 patients 
the treatment was conservative. Three 
patients recovered completely, 13 sur- 
vived with focal neurological deficits, 
and 8 died. 

Dementia was diagnosed in 11 pa- 
tients on the basis of a history of men- 
tal decline and signs of cognitive dete- 
rioration at examination. Eight of 
these patients were investigated neu- 
ropsychologically and on the Wechsler 
Adult Intelligence Scale had a full- 
scale IQ of less than 80 points. 

Fifty-nine CT scans had been made, 
31 of them after an acute stroke and 28 
during follow-up. The 59 CT scans 
showed a total of 99 focal lesions (50 
hypodense and 49 hyperdense), 46 of 
them were located in the right hemi- 
sphere and 53 in the left hemisphere. 
Cerebral angiography, performed in 13 
patients, revealed either an avascular 
mass or no abnormalities. 

Of the 31 “acute” CT scans, 27 
showed one or more hemorrhagic le- 
sions, in 13 cases single and in the 
other 14 multiple, the total number 
amounting to 46 lesions. The clinical 
manifestations, neurological findings 
on admission, and site of these lesions 
are listed in Table 1. Four acute CT 
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Table 1.—Clinical and Radiological Features of Patients With Hereditary Cerebral 
Hemorrhage With Amyloidosis—Dutch Type (HCHWA-D), Lobar Hemorrhages, or 
Sporadic Amyloid Angiopathy (SCAA)* 











HCHWA-D, Lobar 
Present Study Hemorrhages** SCAA*"? 


No. of patients 24 130 54 
No. of hemorrhages 46 133 85 











Complaints 
Headache 53 80 50 
Nausea 38 50 38 
Seizures 12 18 1 
Symptoms 
Motor 74 65 65 
Sensory 38 35 25 
Hemianopia 38 46 14 
Confusion 12 NM 20 
Speech problems 32 30 40 







Impairment of 
consciousness (coma) 32 (15) 30 (6) 61 (56) 


Acute onset 91 90 67 
Progression 29 13 40 








Localization 
Frontal 12 22 40 
Temporal 20 34 30 
Parietal 40 23 10 






Occipital 24 21 1 
Basal ganglia 


5 
4 oe 5 

Extension in 
ventricles 1 18 NM 
100 NM 






1 
Shape 
56 
44 0 NM 






Irregular 
Size 










Small 24 25 NM 
Medium 31 37 NM 
Large 45 38 NM 





* All values are percentages unless otherwise indicated; NM, not mentioned. 





Fig 1.—Computed tomographic scan performed after acute headache in a 53-year-old severely 
demented woman in whom a right-sided parietal hemorrhagic lesion had been surgically removed 
4 years earlier. Several hemorrhagic lesions and diffuse hypodensity of the cerebral white matter 
can be seen. 
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scans, performed because of headache 
with focal neurological signs (2 cases), 
headache with vomiting (1 case), and 
acute hemiparesis (1 case), showed no 
hyperdense lesions but only hypodense 
focal lesions (infarction). 

Computed tomographic scans, rou- 
tinely performed at least 2 weeks after 
an earlier stroke, revealed hypodense 
lesions (residual lesions of previous 
hemorrhages) but, surprisingly, also 
three new hemorrhagic lesions (one 
right parietal, one left temporal, and 
one left occipital), which had remained 
clinically silent. 

Generalized white matter hypoden- 
sity was present in 20 patients (in 2 
cases unilateral and in 18 cases bilat- 
eral) (Figs 1 and 2). No clinical differ- 
ences were found between patients 
with and without these hypodensities. 
In 3 patients, bilateral white matter 
hypodensity was the only finding on a 
control CT scan made after a previous 
stroke. 

Impairment of consciousness was 
most frequently caused by large hem- 
orrhagic lesions: 9 patients had a large, 
1 a medium-sized, and 1 a small left 
occipital lesion. All patients who died 
had large lesions. Confusion and 
agitation, seen in 4 patients, were in- 
variably associated with right-sided 
strokes (parietal or temporal) (Fig 3). 
One peculiar case is shown in Fig 4, and 
the CT findings of the demented and 
the nondemented patients can be com- 
pared in Table 2. 


COMMENT 


The strokes, recorded in this series 
were ischemic in 13% of the cases and 
hemorrhagic in the remaining 87%, 
indicating that, despite the occurrence 
of infarction, the term hereditary ce- 
rebral hemorrhage with amyloidosis 
describes the most common lesion. 
Since this term has been used several 
times in the literature, it will be main- 
tained to avoid confusion. 

It is not known whether the hemor- 
rhagic lesions occurring in patients 
with HCHWA-D represent primary 
cerebral hemorrhages or hemorrhagic 
infarction. Therefore, we compared 
the clinical and radiological features 
of the lesions we found in patients with 
HCHWA-D with those of lobar hem- 
orrhages and hemorrhagic infarction, 
which are other nontraumatic hemor- 
rhagic cerebral lesions occurring out- 
side the basal ganglia and the thala- 
mus. Lobar hemorrhages are defined 
as hemorrhagic lesions occurring in 
the cerebral white matter and sparing 
the basal ganglia, in the absence of 
both hypertension and a cardiac 
source of cerebral embolism.?> Hem- 
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Fig 2.—Computed tomographic scan of a 58-year-old woman who had had a stroke 10 years ear- 
lier, and who subsequently developed progressive dementia. No focal neurological abnormalities 
were found. Diffuse white matter hypodensity without focal cortical abnormalities can be seen. 





Fig 3.—Computed tomographic scan of a 59-year-old man who suddenly became confused and 
agitated but who showed no focal neurological abnormalities. A left-sided parietal hypodense le- 
sion representing an old hemorrhage, blood in the dilated lateral ventricle, and a large right-sided 
parietotemporal hemorrhagic lesion can be seen. 


orrhagic infarctions are caused by 
hemorrhagic transformation of non- 
hemorrhagic cerebral lesions.‘ 

Table 1 gives clinical and radiologi- 
cal data concerning hemorrhagic le- 
sions in patients with HCHWA-D and 
lobar cerebral hemorrhages. Some dif- 
ferences appear to exist: hemorrhagic 
lesions in HCHWA-D are more often 
located in the parietal lobe, more fre- 
quently they cause progression of the 
symptoms after an acute onset, and 
have an irregular shape in almost half 
of the cases (Fig 3), whereas lobar 
hemorrhages are invariably round. 
The irregular shape of the hemor- 
rhagic lesions in HCHWA-D resem- 
bles the shape of hemorrhagic infarc- 
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tions, where three different patterns of 
hemorrhagic alteration have been de- 
scribed: extensive hematomas, hetero- 
geneous hemorrhagic alteration, and a 
less hyperdense hemorrhagic alter- 
ation.’ However, comparison of the 
clinical features of patients with 
HCHWA-D and of those with hemor- 
rhagic infarctions reveals some major 
differences. In patients with ischemic 
cerebral infarctions, the earliest hem- 
orrhagic transformation occurs after 3 
days,° whereas in most patients with 
HCHWA-D the CT scan shows hemor- 
rhagic lesions in the acute stage. Fur- 
thermore, approximately 40% of the 
ischemic infarctions become hemor- 
rhagic,® whereas 87% of the strokes in 


our series were hemorrhagic. 

Based on this comparison with other 
types of hemorrhagic lesions, it is con- 
cluded that in all probability primary 
lobar cerebral hemorrhages occur in 
HCHWA-D. However, in almost half 
of the cases these lesions differ in 
shape from lobar hemorrhages due to 
other causes, and they tend more fre- 
quently to cause progression of symp- 
toms after an acute onset. 

In patients with sporadic cerebral 
amyloid angiopathy (SCAA), cerebral 
infarctions have occasionally been 
described,” * but most frequently, hem- 
orrhages were described.” Table 1 
shows some clinical and radiological 
features of patients with SCAA for 
comparison with our findings in HCH- 
WA-D. In our patients the diagnosis 
was mainly made clinically, whereas in 
patients with SCAA it was based on a 
histological investigation in almost all 
eases. The resulting bias explains the 
greater severity of the clinical mani- 
festations in the SCAA patients (eg, 
impairment of consciousness and mor- 
tality). Nevertheless, some features of 
SCAA are probably independent of 
patient selection and therefore open to 
comparison. The most prominent dif- 
ference between SCAA and HCHWA- 
D, concerned the localization of the 
hemorrhages, which, of course, led to a 
difference in clinical manifestation. 
Hemorrhages in HCHWA-D tended to 
spare the frontal lobes, whereas in 
SCAA this region was the most fre- 
quently affected. This divergence can 
be explained by the difference in the 
distribution of amyloid angiopathy in 
familial and sporadic cases. A homo- 
geneous distribution of amyloid angi- 
opathy has been found in HCHWA-D, 
whereas in SCAA a predilection for 
the frontal lobes has been docu- 
mented.: ? In both HCHWA-D and 
SCAA, progression after acute onset 
occurred more frequently than in lobar 
hemorrhages, which suggests that 
progression after an acute onset is a 
feature of hemorrhages caused by 
amyloid angiopathy. 

Distinct clinical syndromes, like 
those described in connection with lo- 
bar hemorrhages,’ were not recogniz- 
able in our patients, because almost all 
of them showed neurological deficits 
due to previous strokes and many had 
had more than one stroke at the same 
time (Fig 4). The relation between 
right-sided hemorrhages (temporal or 
parietal) and acute confusion, as seen 
in 4 of our patients (Fig 3), has been 
described in ischemic infarctions." 

Cerebral amyloid angiopathy has 
been shown to have a relationship not 
only with cerebral hemorrhages 


Cerebral Hemorrhage—Haan et al 651 





Fig 4.—Computed tomographic scan of a 53-year-old man who suddenly developed a numb feel- 
ing in the lower right part of his face, dysarthria, and a right-sided clumsiness. Two round hem- 
orrhagic lesions are seen, one left temporal and the other left parietal. 


Table 2.—Data on Demented and Nondemented Patients With Hereditary Cerebral 
Hemorrhage With Amyloidosis-Dutch Type* 


Demented, (n = 11) 


Female/male 


Duration of disease, y 
Range 


No. of lesions on CT 
Range 


White matter hypodensity 11/11 


tMann-Whitney U test. 
tx? test. 


but also with Alzheimer’s disease 
(AD).’*""5 Many patients with AD 
have amyloid deposits in the cerebral 
arterioles. It is not known whether 
this amyloid angiopathy is secondary 
to parenchymal (neuronal) degenera- 
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Patients 


Nondemented, (n = 13) 





*CT indicates computed tomography; NS, not significant. 


tion or whether the amyloid angiopa- 
thy is responsible for the genesis of 
other amyloid deposits (senile plaques 
and neurofibrillary tangles). The amy- 
loid in patients with HCHWA-D is 
biochemically related to the amyloid 


found in patients with AD.™! Many 
patients with HCHWA-D become 
demented,'* but this dementia is in all 
likelihood caused by multiple focal le- 
sions, as suggested by the higher num- 
ber of focal lesions on CT scans of de- 
mented patients vs nondemented pa- 
tients (Table 2). It is impossible to 
determine clinically whether the amy- 
loid angiopathy itself leads to demen- 
tia of AD type, because the dementia 
patterns associated with AD and with 
multiple infarctions are qualitatively 
indistinguishable.'* Some of the pa- 
tients in our series developed a slowly 
progressive dementia, but the role of 
clinically unnoticed hemorrhagic or 
ischemic strokes, as illustrated by 
three hemorrhages found unexpect- 
edly on routine CT scans, cannot be 
determined. Nevertheless, because of 
the biochemical similarity between 
HCHWA-D and AD, a detailed neuro- 
pathological investigation was per- 
formed in patients with HCHWA-D in 
an attempt to detect other pathologi- 
cal hallmarks of AD (senile plaques 
and neurofibrillary tangles). Many 
primitive senile plaques, lacking the 
amyloid core of the typical AD senile 
plaque, have been described, but no 
neurofibrillary tangles.” These patho- 
logical findings do not support the 
hypothesis that extensive deposition 
of amyloid in the cerebral blood ves- 
sels causes AD. Together with our 
clinical and radiological data, they 
permit the conclusion that HCHWA-D 
is a disease leading to hereditary pre- 
senile dementia caused by multiple 
strokes. 

Almost all of our patients showed 
periventricular white matter lesions 
(PWML) on the CT scans (Figs 3 and 
4). In general, PWML on a CT sean or 
magnetic resonance imaging seem to 
reflect vascular damage to the brain." 
These lesions have seldom been de- 
scribed in patients with amyloid 
angiopathy.’°° Their occurrence is 
believed to be attributable to chronic 
hypoperfusion of the deep white mat- 
ter due to stenosis of the long perfo- 
rating arterioles.’ Periventricular 
white matter lesions have been found 
in patients with AD,” but consensus 
has not been reached as to whether 
these lesions contribute to distur- 
bances of cognitive functioning.? In 
our series, PWML did not seem to be 
related to dementia, because they oc- 
curred in both demented and nonde- 
mented patients (Table 2). Our find- 
ings indicate that amyloid angiopathy 
should be included in the differential 
diagnosis of PWML, especially in the 
presence of hemorrhages and/or de- 
mentia. 
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Incorrect Figure.—In the article by Voskuhl and Hinton entitled “Sensory Impairment 
in the Hands Secondary to Spondylotic Compression of the Cervical Spinal Cord,” pub- 


lished in the March issue of the ARCHIVES (1990;47:309-311), the parts of Fig 1 were mis- 
labeled. The part labeled “Lateral Spinothalamic Tract” should have been labeled “Lat- 
eral Corticospinal Tract,” and the part labeled “Lateral Corticospinal Tract” should have 
been labeled “Lateral Spinothalamic Tract.” 
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Temporal Muscle Blood Flow in 
Chronic Tension-Type Headache 


Michael Langemark, MD; Kai Jensen, MD; Jes Olesen, MD 


è Temporal muscle blood flow was mea- 
sured with the xenon 133 clearance tech- 
nique in 40 patients with chronic tension- 
type headache and in 13 control subjects. 
Pressure-pain threshold in the temporal 
region was determined with an algometer. 
Patients and control subjects did not differ 
in any of the blood flow parameters. Rest- 
ing blood flow at the two sides was high- 
ly correlated (Spearman coefficient, r = 
-61) and no right/left differences could be 
demonstrated. In both patients and con- 
trol subjects, blood flow increased ap- 
proximately fivefold during isometric work 
(1/3 of a maximum surface electromyo- 
gram). Reactive hyperperfusion after iso- 
metric work was found in 8 patients and in 
1 control subject. There was no definite 
correlation between the pressure-pain 
threshold and the corresponding blood 
flow. It is not likely that temporal muscle 
ischemia is the cause of muscle tender- 
ness and pain in patients with chronic ten- 
sion-type headache. 

(Arch Neurol. 1990;47:654-658) 


The pain in chronic tension-type 

headache (muscle contraction 
headache) has been hypothesized to be 
of ischemic origin.' This was based on 
early reports of alleviation by vasodi- 
lators and lack of effect or worsening 
by vasoconstrictors.? Headache, as 
well as muscle tenderness, may fur- 
thermore be mimicked by experimen- 
tal ischemic exercise of the temporal 
muscle.? However, blood flow in the 
pericranial muscles of patients with 
tension-type headache has never been 
directly measured in a large group of 
patients. 

To investigate the ischemic theory 
further, we measured temporal muscle 
blood flow and its metabolic regulation 
in patients with chronic tension-type 
headache, and in healthy control sub- 
jects. 


Accepted for publication August 16, 1989. 

From the Department of Neurology, Gentofte 
Hospital, University of Copenhagen (Denmark). 

Reprint requests to Department of Neurology, 
Gentofte Hospital, University of Copenhagen, 
2900 Hellerup, Denmark (Dr Langemark). 


654 Arch Neurol—Vol 47, June 1990 


PATIENTS, MATERIALS, 
AND METHODS 


Forty patients, 17 males and 23 females, 
entered the study. Median age was 41 years 
(range, 20 to 70 years). The headache pa- 
tients were recruited by mailed question- 
naire among patients who had consulted 
the Copenhagen Acute Headache Clinic (8 
patients), a private neurology clinic (19 pa- 
tients), or a neurological hospital depart- 
ment (13 patients). Patients were included 
after a detailed interview and neurological 
examination, provided they had a history of 
tension-type headache (muscle contraction 
headache) of at least 6 months’ duration, 
and no more than 14 headache-free days per 
month. Entry criteria were thus in accor- 
dance with the new international diagnos- 
tic criteria for chronic tension-type head- 
ache.‘ Patients suffering from moderate or 
severe cardiovascular disease or other 
chronic diseases were excluded. Also ex- 
cluded were patients with migraine head- 
ache lasting more than 1 day per month. 
Thirty-five patients reported daily head- 
aches; 5 patients reported headache 15 to 25 
days per month. Fifteen patients suffered 
from migraine attacks 1 to 12 days per year. 
None of the patients received opioid, neu- 
roleptic, or vasoactive drugs. Thirteen 
healthy control subjects, 5 males and 8 fe- 
males, were recruited among colleagues 
and friends. Median age in the control 
group was 45 years (range, 21 to 70 years). 

In the headache patients, pressure-pain 
thresholds in the temporal regions were 
determined on the day before the blood- 
flow measurement by means of a pressure 
algometer according to Jensen et al’ and 
Langemark et al.° Manual evaluation of 
temporal muscle tenderness with scoring 
on a 4-point scale was also performed.’ 
During the study period, all patients kept 
headache diaries scoring each day’s head- 
ache on a 5-point scale. 

Temporal muscle blood flow was deter- 
mined simultaneously on the two sides by 
the local xenon 133 washout technique.‘ 
This method has previously been applied to 
measure temporal muscle blood flow in mi- 
graine patients in our laboratory.’ Patients 
were examined in the supine position after 
15 minutes of rest, with the head fixed in a 
vacuum pillow. 

In order to determine the electromyo- 
graphic (EMG) response to maximum bite 
force and to guide patients to maintain the 
required constant bite force, silver/silver 
chloride surface electrodes were placed on 
both sides, 2.5 em above and 2.5 em below 
the tracer depots, and connected to a two- 
channel EMG amplifier. The ground elec- 


trode was placed in the frontal region. The 
amplified EMG signal was registered on a 
two-channel pen recorder, and the averaged 
signal presented on an ammeter mounted in 
front of the patient for immediate visual 
feedback. Maximum EMG was established 
by asking the subjects to perform three 
tooth-clenching procedures at maximum 
bite force, but without grimacing. 

Tracer depots (50 to 100 uCi xenon 133 in 
0.1 to 0.2 mL of saline) were injected 
through a 0.4-mm needle into the thickest 
anterior part of the temporal muscle on 
each side. A scintillation detector over each 
depot allowed registration of the washout 
of the tracer. The number of counts in 
5-second epochs in each channel were reg- 
istered by an on-line computer, and saved 
for later analysis, including correction for 
background activity and gamma emission 
from the contralateral depot. Subjects were 
required to rest motionless during the first 
8 to 10 minutes while the injection trauma 
subsided and, at a given signal, to perform 
a constant bite for 2 minutes with a force 
resulting in 30% of the established maxi- 
mum EMG. A resting period of at least 2 
minutes followed the isometric work. If 
enough tracer remained to evaluate further 
exercise, a 2-minute period of dynamic 
work was initiated. Subjects were asked to 
chew at 20 contractions per minute with 
approximately half their maximum EMG. 
A resting period of at least 2 minutes then 
followed before the investigation was ter- 
minated. 

During rest and exercise procedures, the 
pulse was taken and the blood pressure was 
measured using an aneroid manometer and 
standard cuff. 

The tracer-washout method implies a 
monoexponential washout during steady- 
state and, accordingly, each washout curve 
was plotted in a semilogarithmic plot. 
Blood flow (F) during rest and during iso- 
metric and dynamic work was estimated by: 


F = —x X \ X 100 (milliliters per 
100 g per minute) 


with an estimated \ = 0.7 mL/mL,'!! and 
x =the fractional washout constant per 
minute.‘x’ was calculated from the counting 
figures as the slope of the semilogarithmic 
washout curve using linear regression (Fig 
1). 
The estimation of flow was calculated 
from all the available washout curves ex- 
actly between 8 minutes and 10 minutes af- 
ter injection. The number of curves used are 
indicated in Tables 1 through 4; the lacking 
curves having been discarded due to gross 
movement artifacts. 
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RESULTS 


Thirty-six patients reported head- 
ache to be present on the day of the 
flow investigation. Calculated from the 
mean of the two sides, resting blood 
flow at 8 through 10 minutes (median 
and quartiles) was calculated to be 3.7 
(2.8 to 4.4) mL/100 g per minute in the 
patients and 5.0 (3.7 to 6.6) mL/100 g 
per minute in the control subjects (Fig 
2). The difference was not statistically 
significant (Wilcoxon). Resting blood 
flow at the two sides at 8 to 10 minutes 
were highly correlated (Spearman co- 
efficient, r= .61, P< .00001, n = 49) 
and no right/left differences could be 
demonstrated (Wilcoxon, P = .58) (Ta- 
ble 1). 

During isometric work, blood flow 
increased approximately fivefold in 
both patients and control subjects (Fig 
2, Table 2). Flow increase values on the 
two sides were positively correlated 
(Spearman coefficient, r= .50, P< 
.001), and no right/left differences 
could be demonstrated (Wilcoxon). Re- 
active hyperperfusion immediately af- 
ter cessation of the 2-minute bite pe- 
riod was observed in 8 patients and in 
1 control subject (Table 3, Fig 3). The 
hyperperfusion in these cases lasted 20 
to 40 seconds and blood flow values in- 
creased up to 60-fold the resting val- 
ues, or 11-fold the flow during isomet- 
ric work. Subjects, with and without 
hyperperfusion, did not differ with re- 
spect to resting blood flow or relative 
flow increase during isometric work 
(Wilcoxon). In all subjects, blood flow 
values returned to their previous rest- 
ing values during the postbite resting 
period (differences between resting 
blood flow values before and after iso- 
metric work had a mean of 0.06 mL/ 
100 g per minute (SD, 1.3 mL/100 g per 
minute). The flow increase seen during 
dynamic muscle work at 50% of max- 
imum EMG is shown in Table 2. 

The measured blood flow values dur- 
ing isometric work barely correlated 
with the measured absolute EMG val- 
ues (right and left averaged for each 
patient (Spearman coefficient, 7 = .28, 
P = .054). The EMG values obtained 
are listed in Table 4. 

Median arterial blood pressure (cal- 
culated as diastolic pressure plus one 
third pulse pressure) during rest was 
89 mm Hg (quartiles, 84 to 95 mm Hg) 
and increased significantly during iso- 
metric work by 5% (quartiles, 0% to 
7% ) in both patients and control sub- 
jects. Median heart rate was 70 (quar- 
tiles, 60 to 75 min`’) at rest and 70 
(quartiles, 60 to 80 min™') during iso- 
metric work. 

In the headache patients, no trend 
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Fig 1.—Typical washout curves from a patient. Rest 1 through 3 indicates resting periods. Lower 
curve: channel 1 (left), upper curve: channel 2 (right). 


Table 1.—Temporal Muscle Blood Flow Calculated at 8 Through 10 Minutes 
After Injections * 


Patients Controls 








Median 
Quartile 






*Values given are in milliliters per 100 g per minute. 


Table 2.—Relative Increase in Blood Flow During Isometric and Dynamic Work; 


Average of Right and Left Sides 
Isometric Work Dynamic Work 


Patients Controls 
4.7 X 46 X 


Controls 
JPX 


Patients 
4.9 X 
(3.2-6.3) X 


Median 
Quartile 
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Table 3.—Demographic Data and Temporal Muscle Blood Flow Values in 8 Patients 
and in 1 Control Subject Who Developed Postexercise Hyperemia * 


Estimated Blood Flow, mL/100 g per Minute 


Resting 





* In cases with bilateral hyperemia, average values are listed; in other cases, only values from the relevant 


side are listed. R indicates right side; L, left side. 
tindicates control subject. 


Blood Flow, mL/ 100 g/min 


Rest 1 


Isometric 
Work 





Isometric Work Hyperemia 


Rest 2 Rest 3 


Dynamic 
Work 


Fig 2.—Calculated temporal muscle blood flow (average left and right) in patients (P) and control 
subjects (C). Vertical lines from boxes extend out to the extremes if these points are within 1.5 
times the interquartile range. Outliers beyond these limits are indicated separately. In some cases, 
partial washout curves were discarded, and not all patients performed dynamic work. Number of 
available flow values are given. Rest 1 through 3 indicates resting periods (see Fig 1). 


toward correlation between the re- 
ported severity of headache and the 
main flow parameters (resting flow 
and relative flow increase during exer- 
cise) was found. In 9 patients with 
predominantly unilateral headache 
complaints, no tendency toward rela- 
tive hypoperfusion or hyperperfusion 
in the affected side was found during 
rest, nor were any such signs found 
comparing the flow-increase values. 
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No correlation was found between 
temporal muscle palpation scores and 
resting blood flow values (Kruskal- 
Wallis), nor did pressure-pain thresh- 
olds correlate to flow during isometric 
work. A slight negative correlation be- 
tween resting muscle flow and pres- 
sure-pain threshold was only statisti- 
cally significant on the right side (Spear- 
man coefficient, left: r = —.17, P = .31; 
right: r = —.38, P < .05) (Fig 4). Seven 


Table 4.—Electromyographic 
Parameters on Right Side Only * 


Maximal 
tension, 
aV 

Tension 
during 
teeth 


clenching, 


uV 
Tension 
during 
chewing, 
uV 
Tension 
during 
teeth 


Controls 


315 
(240-351) 
n= 13 

84 
(63-105) 
n= 13 


178.5 
(129-228) 
n =10 


32 
(23-34) 
n= 13 


Headache 
Patients 


299 
(230-344) 
n = 40 

108 
(90-127.5) 
n = 40 


175.5 
(120-210) 
n= 18 


36 
(34-43) 
n= 40 


clenching, 
% of 
maximum 


Tension 65 62 
during (57-72) 
chewing, n= 10 
% of 
maximum 


(54-74) 
n= 18 


*Values given are median (lower quartile-upper 
quartile). 


patients had very low thresholds and 
high resting flow values, but no differ- 
ence from the rest of the material was 
found with respect to age or blood flow 
during exercise, and only one had after 
exercise hyperemia (Fig 4). 


COMMENT 


Several attempts have been made to 
explain headache in terms of ischemic 
muscle pain simply because ischemic 
muscle is tender.'!*3 The evidence for 
a possible role of ischemia in tension 
headache is highly indirect,'? but has 
not been challenged since Onel et al'* in 
1961 found indications of increased 
blood flow in the splenius capitis mus- 
cle in tension headache using the so- 
dium 24 clearance method. 

The present study was designed to 
pick up abnormalities of temporal 
muscle blood flow during rest, during a 
substantial work load, and also in the 
subsequent relaxation phase. The tem- 
poral muscle was chosen for study for 
several reasons. The pattern of re- 
ferred pain from this muscle’ is in ac- 
cordance with the reported localiza- 
tion of headache in most of our pa- 
tients, viz, frontotemporal rather than 
occipital. Furthermore, the temporal 
muscle is a predilection site for muscle 
tenderness and pain in patients with 
tension headache and migraine,’!*! 
and the region is readily available for 
algometer studies and EMG. 

Experimental headache and myo- 
fascial pain may be elicited by sus- 
tained muscle exercise under nor- 
mal’’* or ischemic circumstances.’ In 
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volunteer subjects, clenching of teeth 
vigorously enough to cause pain was 
accompanied by an up to 300% in- 
crease in blood flow.” Muscle ischemia 
seems an unlikely cause of pain in 
common migraine headache.’ 

The xenon 133 method has previ- 
ously been shown to give reliable esti- 
mates of relative blood flow, thereby 
elucidating mechanisms regulating 
blood flow in response to changing 
metabolic demands. Absolute values 
for blood flow should be interpreted 
cautiously as the tissue/blood parti- 
tion coefficient (A) is an estimate and 
there is evidence indicating that flow 
calculated by xenon 133 clearance may 
be an underestimate of the true 
flow J 1,25-27 

Muscle work increases metabolic de- 
mands. Up to a certain level this en- 
ergy is provided by the oxidative me- 
tabolism, and it is associated with a 
proportional increase in blood flow. 
Such blood flow increase normalizes 
quickly when the work is discontinued. 
If, however, the metabolic demands 
exceed the supply of oxygenated blood, 
or if blood flow to the muscle is ham- 
pered by, eg, pinching of arteries pass- 
ing through fasciae, the metabolism 
will be partly anaerobic.* Discontinu- 
ation of work is then associated with 
reactive hyperemia. 

Blood flow increases with increasing 
work load,’**”?*! although the propor- 
tionality in the muscles of the extrem- 
ities levels off when the work load ex- 
ceeds 75% of maximum." During 
heavy load (two thirds of maximum) in 
arm muscles, exercise flow was zero, 
and increased markedly after exer- 
cise.” Studies of masticatory muscles 
have given divergent results. In two 
studies, indication of circulatory ob- 
struction during contraction was 
reported,**> whereas, in two other 
studies, no such signs of obstruction 
were reported.’*** In the present study, 
no signs of vascular obstruction were 
found during isometric work at one 
third of maximal EMG activity. The 
inaccordance in findings can be attrib- 
uted to rather small sample sizes, but 
also to the fact that the methods were 
not identical although the bite force 
used appeared similar. The presented 
estimates for absolute resting blood 
flow in both patients and controls, as 
well as the changes seen during exer- 
cise, are in accordance with previously 
published results, +% and no differ- 
ences were found between patients and 
controls. Marked abnormalities in 
temporal muscle blood flow and its 
regulation can thus be excluded in pa- 
tients with chronic tension-type head- 
ache. 
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Fig 3.— Sample washout curve from one of the eight patients developing postexercise hyperemia 
(see Fig 1). 


Fig 4.— Temporal muscle blood flow during rest vs algometer-determined pressure-pain threshold 
in the left and right temporal region. Patients with low thresholds do not show particular signs of 
ischemia. 


Blood Flow, mL/ 100 g/min 


PPT, kPa 


Tension-Type Headache—Langemark etal 657 


In the present study, the pressure- 
pain-threshold was measured on the 
day before the flow study in the area 
where xenon 133 was injected. There 
was no definite correlation between 
pressure-pain-threshold and corre- 
sponding blood flow. Tension headache 
has some characteristics in common 
with myofascial pain and fibromyalgia 
(fibrositis), and no evidence of is- 
chemia in these disorders has been 
found.'*?’"8 Muscle tenderness in myo- 
fascial pain or tension headache could 
theoretically be caused by inflamma- 
tory events, but no signs of hyperemia 
were found in the present patient 
group. Histologic studies of fibromy- 
algic muscle have shown different de- 
generative abnormalities (for review, 
see reference 18), but results have been 
inconsistent and difficult to interpret 
in terms of specific nociceptive mecha- 
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nisms. 

With the method used, temporal 
muscle ischemia might be overlooked, 
if the phenomenon is intermittent, eg, 
stress related, or primarily takes place 
during sleep. This is unlikely seen in 
the light of the relative constancy of 
pain in this group of patients. The 
method used evaluates blood flow in a 
rather small volume, and inhomoge- 
neous perfusion of skeletal muscle has 
been reported.™* This may account 
for some of the variation seen with this 
method.**** If tracer depots were 
placed outside of a palpable tender 
spot (trigger point), blood flow might 
not be measured in the relevant area, 
and very small focal areas of ischemia 
could be overlooked. 

Low-level (5% of maximum) static 
contraction may produce muscle fa- 
tigue in skeletal muscle despite a suf- 
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RR Interval Variation and the 
Sympathetic Skin Response in the Assessment 
of Autonomic Function in Peripheral Neuropathy 


Bhagwan T. Shahani, MD, PhD; Timothy J. Day, MD; Didier Cros, MD; 
Nofal Khalil, MD; Christopher S. Kneebone, MD 


è The diagnostic value of two simple 
tests of autonomic function, the RR inter- 
val variation and the sympathetic skin re- 
sponse, was evaluated relative to symp- 
toms of dysautonomia in 53 patients with 
peripheral neuropathy. Of 22 patients with 
peripheral neuropathy and clinical dysau- 
tonomia, 15 showed abnormal results on 
both tests, and 7 had abnormal results on 
one test only. In none of the patients with 
dysautonomia were both tests’ results 
normal. Conversely, all 15 patients with 
abnormal results of both sympathetic skin 
response and RR interval variation had 
symptoms of dysautonomia, while 7 of 15 
patients with abnormalities limited to one 
test had such symptoms. No patient with 
normal results on both tests had clinical 
dysautonomia. These data indicate that 
RR interval variation and sympathetic skin 
response, both of which can easily be per- 
formed in the electromyography labora- 
tory, are helpful in combination in the as- 
sessment of autonomic function in periph- 
eral neuropathies. 

(Arch Neurol. 1990;47:659-664) 


M» laboratory approaches can be 

used to evaluate the functions of 
the autonomic nervous system. They 
include studies of vasomotor control, 
baroreceptor reflexes, sudomotor func- 
tion, as well as pupillary, bladder, and 
gut innervation. These tests, how- 
ever, are complex and often require 
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specialized equipment and highly 
trained personnel, which are not com- 
monly available outside a research 
unit.” 

Abnormalities of autonomic func- 
tion occur frequently in peripheral 
neuropathies, and occasionally are the 
sole or presenting clinical feature.’ 
Dysautonomia is, in addition, respon- 
sible for considerable morbidity, espe- 
cially in older patients. Some manifes- 
tations of dysautonomia, such as 
orthostatic hypotension, may be ame- 
nable to specific therapy.*® 

Early recognition of dysautonomia 
in the context of peripheral neuropa- 
thy is, for these reasons, of impor- 
tance. We have evaluated the diagnos- 
tic value of simple laboratory tests, the 
sympathetic skin response (SSR), and 
the heart rate variability (RR interval 
variation [RRIV)]), in a series of 53 pa- 
tients with peripheral neuropathy. 
The diagnostic yield of these tests, 
separately and in combination, was 
assessed relative to clinical manifes- 
tations of dysautonomia. 


PATIENTS AND METHODS 
RRIV 


All patients were studied in the supine 
position using an electromyogram (EMG) 
(TECA 4 or Mystro system, TECA Corp, 
Pleasantville, NY). Recordings were made 
using 6-mm stainless steel disk electrodes 
placed on the dorsum of each hand. A metal 
strap electrode around one wrist was used 
as the ground electrode. The bandpass was 
16 to 80 Hz and the sensitivity was 200 to 500 
uV per division. Using the triggering mode 
and delay line, the oscilloscope display was 
adjusted by adjusting the trigger sensitiv- 
ity and sweep speed so that two QRS com- 


plexes were displayed on the screen. Since 
the first displayed complex is the triggering 
potential, the variation in timing of the 
second complex represents the variation in 
the RR interval (Fig 1). Twenty traces were 
recorded, superimposed, and a printout was 
made for subsequent measurement. 

Five groups of 20 sweeps were recorded at 
rest, and two during forced deep breathing 
at six breaths per minute. From the print- 
out, the range in the RR intervals (Fig 1, a) 
and the mean RR interval (Fig 1, b) were 
measured. The RRIV was expressed as a 
percentage of the average RR interval using 
the following formula: RRIV = a/b X 100. 
The average of five recordings at rest was 
termed R%, and that of two recordings 
during deep breathing, D%. The difference 
between these two measures (D% to R%), 
and the ratio of D% to R% were also calcu- 
lated. The method is a modification from 
that described by Persson and Solders.’ 


SSR 


The SSR was recorded as previously de- 
scribed using disk electrodes. The active 
electrode is attached to the palm or sole, 
and the reference electrode to the dorsum of 
the hand or of the foot, respectively.’ An 
EMG (TECA TE42 or Mystro system, 
TECA Corp) was used with filter settings, 
including the 0.16- to 3200-Hz bandpass, a 
sensitivity of 0.5 to 2 mV per division, and 
a sweep speed of 500 milliseconds per divi- 
sion. The stimuli used were an inspiratory 
gasp or single electrical stimulus at the 
wrist contralateral to the recording side 
(Fig 2). The initial component of the SSR is 
negative in most instances, while subse- 
quent components are more variable. Fig- 
ure 2 shows the most common biphasic 
negative-positive appearance of the SSR. 
The amplitude of the response varies 
greatly on consecutive stimulations. There 
is a remarkable tendency to habituation if 
the same stimulus is used repeatedly. 
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Fig 1.—The RR interval variation is displayed 
by superimposing 20 sweeps triggered by the 
QRS complex of the electrocardiogram. The 
jitter (a) in the second potential is expressed as 
a percentage of the mean interpotential inter- 
val (b) as follows: RR interval variation = a/ 


Fig 2.—Sympathetic skin responses were recorded from the hand (upper trace) and foot (lower 
trace) in response to an electrical stimulus to the contralateral median nerve (arrow). The onset 
latency of the response is shorter in the hand by 800 milliseconds. A biphasic response of several 
millivolt amplitude is recorded at both sites. The tail-end of the foot SSR is truncated because of 
the long duration of the response. Calibration: 4 and 2 mV for upper and lower trace, respectively; 
1 second. 


b X 100%. The sweep duration is 1 second. 
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Fig 3.—Normative data for RR interval variation (RRIV) at rest (top left) and with deep breathing 
(bottom left) are plotted against age for 53 healthy subjects. Top right, the difference between RRIV 
at rest and with deep breathing is plotted against age. Bottom right, the ratio between RRIV (HV)- 
:RRIV (rest) is plotted against age. The regression line is defined by y = a + bx; the 95% confi- 
dence limit interval is shown on both sides of the regression line of best fit; r indicates correlation 
coefficient for the regression line; and p, probability that the slope is equal to zero. 
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At each site, the test results were consid- 
ered abnormal if no response was recorded 
after at least three and, usually, many more 
stimuli. Stimuli were delivered unexpect- 
edly and in irregular sequence. Assessment 
of latencies and amplitudes was not at- 
tempted in this study. 


Patients 


Fifty-three patients with peripheral neu- 
ropathy referred to our laboratory for as- 
sessment were included in this study. Twen- 
ty-seven had diabetic neuropathy and 18 
had Guillain-Barré syndrome (GBS). Less 
common disorders were also represented, 
including one of each of the following: 
hereditary motor and sensory neuropathy 
type I, Friedreich’s ataxia, idiopathic auto- 
nomic neuropathy, and cerebellar degener- 
ation, and two with peripheral neuropathy 
and Parkinson’s disease. In all patients, 
standard nerve conduction studies, late re- 
sponses, and needle EMG were performed 
together with RRIV and SSR as described 
above. In 6 patients, the RRIV was not 
measured. Clinical manifestations of auto- 
nomic dysfunction were recorded when 
present. These included orthostatic dizzi- 
ness, alterations of sphincter control, im- 
potence, abnormalities of sweating, pos- 
tural changes in blood pressure and heart 
rate, or heart rate change to the Valsalva 
maneuver. The patients were then classi- 
fied according to the presence or absence of 
clinical dysautonomia. 

A group of 53 subjects with no symptoms 
or signs of neurological disease were used as 
normal controls. These 53 subjects (aged 15 
to 73 years) underwent measurements of 
the RRIV and SSR. 
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Statistical Methods 


When comparing the patient group with 
the control group, the data are expressed as 
mean + SD. Groups were compared using a 
grouped Student’s ¢ test. The null hypothe- 
sis was rejected for P < .05. Data were 
plotted against age and the normal ranges 
for the various parameters were displayed 
with 95% confidence limits around a linear 
regression line of best fit. 


RESULTS 
RRIV— Normal Subjects 


The variation in RR intervals (R%, 
D%, D% to R%, and the D%:R% 
ratio) for the normal control subjects 
is shown as a function of age in Fig 3. 
There was a negative correlation with 
age for each parameter as shown in Fig 
3, top and bottom right and left, with 
the exception of the D:R ratio that 
showed a weak positive correlation 
(R%, r= —.78, P< .01; D%, r= —.8, 
P <.01; R% to D%, r= —.61, P< .01; 
ratio, r = .48, P < .01). 


SSR — Normal Subjects 


Sympathetic skin responses were re- 
corded from the hands and feet of all 
normal subjects after an inspiratory 
gasp or electrical stimulus. As previ- 
ously reported,’ the response from the 
hand had a shorter latency than that 
from the foot (Fig 2). The response was 
usually biphasic, and its amplitude 
varied from a few hundred microvolts 
to several millivolts, even in the same 
subject. 


RRIV— Neuropathy Patients 


The distribution of the RRIV pa- 
rameters obtained during hyperventi- 
lation in patients with and without 
autonomic features is shown in Fig 4 
and Table 1. In contrast to the control 
subjects, there was no correlation with 
age for D% or R%. For R%, D%, and 
D% to R%, the mean values were 
lower in the neuropathy group than in 
the control group (P < .001). The mean 
values were also lower in the dysauto- 
nomia patient subgroup than in the 
patient subgroup without symptoms of 
dysautonomia (P < .001). 

Twelve (55%) of 22 patients with 
clinical dysautonomia had abnormal 
R% and 15 (79%) had abnormal D% 
values. Of 25 patients with neuropathy 
but without dysautonomia, 7 (28%) 
had abnormalities of R%, while 8 
(32% ) had abnormally low D% values. 


SSR—Patients With Neuropathy 


Nineteen (86% ) of 22 patients with 
dysautonomia on clinical grounds had 
absent SSR in both hands and feet; 4 
(18% ) of 31 patients without dysauto- 
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Fig 4.—RR interval variation (RRIV) data with deep breathing from patients with peripheral neu- 
ropathy, without dysautonomia (top) and with clinical features of dysautonomia (bottom). The re- 
gression line and 95% confidence limits derived from the normal subjects are also shown. 









Table 1.—Results of Autonomic Testing Using SSR and RRIV Compared With the 
Presence or Absence of Clinical Dysautonomia* 


Autonomic Test Results 
i 











Both One Both 
No. of Patients Abnormal Abnormal Normal 
Patients with dysautonomia 15 7 0 22 


Patients without dysautonomia 0 15 16 31 





* Both abnormal indicates absent sympathetic skin response (SSR), anda reduced RR interval variation (RRIV) 
with deep breathing; one abnormal, absent SSR or reduced RRIV, but not both; and both normal, a normal SSR 
and normal RRIV. When both test results are abnormal, dysautonomia is reliably detected, while when both test 
results are normal, dysautonomia is reliably excluded (X = 33.3, P < .001). 
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Results of Autonomic Testing for 53 Patients With Peripheral Neuropathy * 
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SSR indicates sympathetic skin response; RRIV, RR interval variation; HV, hyperventilation; GBS, Guillain- 

Barré syndrome; ND, not done; HMSN |, hereditary motor and sensory neuropathy type |; and IAN, idiopathic 

autonomic neuropathy; minus sign, patients had no clinical evidence of dysautonomia. The presence of dysau- 

tonomia (plus sign) was assessed Clinically without reference to these tests. Only RRIV with HV is recorded here 

except for patients 1 through 3 who were ventilator dependent. Their RRIV (rest) is recorded in parentheses. 
tAbnormal RRIV values. 
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nomia had absent SSR in both hands 
and feet, and in another 3 (10%) the 
SSR was absent in the feet only. All 11 
diabetics with dysautonomia had ab- 
sent SSR (100% ), while of 7 GBS pa- 
tients with dysautonomia, four had 
absent SSR. In contrast, none of 10 
GBS patients with normal autonomic 
function clinically had absent SSR, 
and 6 of 18 diabetics without clinical 
dysautonomia had absent SSR. 


SSR and RRIV Combined—Patients With 
Neuropathy 


The data from each patient studied 
are summarized in Table 2. At least 
one abnormal test result was recorded 
in all patients with dysautonomia, 
while 15 of 31 patients without clinical 
dysautonomia had one abnormal re- 
sult. Abnormal RRIV and abnormal 
SSR were found in 15 of 22 dys- 
autonomic patients, but in no patient 
without dysautonomia. 


COMMENT 


The SSR is a transient change in 
electrical potential evoked reflexly in 
the palm of the hand and sole of the 
foot by a variety of stimuli, including 
unexpected sounds, deep inspiration, 
and electrical stimuli.*’ This voltage 
change is related to a change in skin 
resistance, the galvanic skin response, 
or electrodermal activity, which has 
been used in behavioral studies for 
decades.” This response is mediated 
by the postganglionic, unmyelinated 
sympathetic fibers of the sudomotor 
pathway, which are anatomically dis- 
tinct from the vasoconstrictive sym- 
pathetic fibers.?!! Pathologic condi- 
tions affecting the somatosensory 
pathways in peripheral neuropathy 
may result in absent SSR,” and it is 
therefore recommended to use multi- 
ple stimuli corresponding to different 
sensory pathways if the SSR is not 
readily obtainable to evaluate the ef- 
ferent pathway. The central structures 
relevant to SSR are not known,” and 
therefore the interpretation of an ab- 
sent SSR in central nervous system 
pathologic states is difficult. 

The neural control of RRIV partly 
depends on a parasympathetic reflex.” 
The parasympathetic outflow origi- 
nates in the vagus nucleus that gener- 
ates a tonic cardioinhibitory outflow 
transmitted to the heart by thinly my- 
elinated vagal fibers. The vagal nu- 
cleus is controlled by the nucleus of the 
tractus solitarius that receives input 
from baroreceptors and other periph- 
eral receptors.’ Variation in the RR 
interval has been claimed to be the 
simplest and the most reliable test of 
vagal autonomic dysfunction.”'*'* In 
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Table 3.—Mean Values of RR Interval Variation (RRIV) for Normal Control Subjects, 
Patients With Neuropathy but Without Dysautonomia, and Patients With Neuropathy and 
Dysautonomia”* 


RRIV HV 
31.0+9.3 
(53) (53) 
22.8 +8.4 
dysautonomia (25) (25) 
12.4¢¢+6.5 
dysautonomia (22) (19) 


Control subjects 18.9+7.2 


Patients without 13.4¢+5.3 


Patients with Tatt +3.2 


Difference 
12.1+3.9 1.71+0.26 
(53) (53) 
9.4¢+4.8 1.74 (ns) +0.36 
(25) (25) 
4.8t4++3.6 1.6 (ns) +0.35 
(19) (19) 





* NS indicates not significant; HV, hyperventilation. Data are expressed as mean + SD of the sample, with 


the sample size in parentheses. 


tA statistically significant difference from control subjects (P < .001). 
+A statistically significant difference from patients without dysautonomia (P < .001). 


general, complex or specialized elec- 
trocardiographic monitoring instru- 
ments have been used in clinical 
studies of patients with neurop- 
athy.'*” The technique described 
above provides reliable recordings of 
the RRIV using standard EMG equip- 
ment. The only requirements of the 
system are a signal triggered sweep 
and delay line, and the ability to pho- 
tograph or display successive traces. 
These features are present on most 
EMG machines currently in use, in- 
cluding many of the older models. Al- 
though we did not specifically study it, 
this recording system could also be 
used to assess RRIV during tilt, stand- 
ing, carotid sinus stimulation, face 
immersion, and other maneuvers 
known to alter vagal tone. 

Our findings using this RR interval 
recording technique in control sub- 
jects confirm the results of previous 
studies, which had shown a reduction 
in the beat-to-beat variation (or in the 
vagal response to hyperventilation) 
with advancing age." In all age 
groups, the effect of deep breathing 
was to increase the RR interval vari- 
ability, although to varying degrees. 
Many different mathematical indexes 
of variability have been used in previ- 
ous studies including the SD of RR in- 
tervals, mean consecutive difference of 
RR interval, maximal:minimal RR in- 
terval, and range of RR intervals. The 
latter is one of the simplest to perform 
and correlates well with some of the 
more complicated measures.’'? With 
the technique described above, mea- 
surement of RRIV (eg, R%, D%) is 
easily obtained without resort to com- 
plex statistical analysis. In routine 
practice, measurements of D% alone 
should suffice as a test of vagal func- 
tion, since abnormalities of this pa- 
rameter accurately predicted abnor- 
malities of R% also, with one solitary 
exception. Our data in patients with 
neuropathy (especially those with au- 
tonomic neuropathy) suggest that the 
use of multiple indexes (D% to R% ra- 
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tio) does not result in greater sensitiv- 
ity of the test; however, since some pa- 
tients may be unable to adequately 
perform deep breathing, measure- 
ments of RRIV at rest still remain of 
value. 

The normal data on SSR reported by 
Shahani and colleagues* revealed a 
high degree of specificity, with a 0% 
false-positive rate. In this study, ab- 
sence of the SSR correlated strongly 
with clinical features of dysautono- 
mia, while SSR abnormalities were 
seen in 33% of neuropathic patients 
without clinical dysautonomia. This 
may well indicate early subclinical 
sympathetic neuropathy in these pa- 
tients, since an absent SSR was never 
seen in the normal control subjects. At 
present, the large variability in SSR 
amplitude in normal subjects renders 
interpretation of low-amplitude re- 
sponses in neuropathy difficult. Fur- 
ther work in this area may establish 
the clinical usefulness of the SSR am- 
plitude, thus improving the sensitivity 
of the method. This will be the subject 
of a later article. 

Note that both patient subgroups 
defined by the presence or absence of 
clinical dysautonomia had abnormal 
RR interval variability. As expected, 
patients who had clinical evidence of 
autonomic neuropathy had much 
lower scores, significantly different 
from those patients without overt au- 
tonomie dysfunction (P < .001). This 
suggests that some degree of subclini- 
cal vagal neuropathy may be present, 
at least in diabetic neuropathy and 
GBS. Clinically and pathologically, 
these neuropathies commonly involve 
some autonomic features,**?'?’ and 
evidence of autonomic dysfunction is 
often found when specifically sought.*® 
Whether these indexes of dysautono- 
mia (RRIV, SSR) are also abnormal in 
other “purer” neuropathies can only 
be answered by additional studies. 

No patient with clinical autonomic 
dysfunction had both a normal SSR 
and a normal RRIV (Table 3). Con- 


versely, no patient without clinical 
dysautonomia had abnormalities of 
both SSR and RRIV. These findings 
indicate that the combination of RRIV 
and SSR is highly sensitive and spe- 
cific in the evaluation of autonomic 
dysfunction. The RRIV assesses para- 
sympathetic function in the distribu- 
tion of the vagus nerve, while the SSR 
tests the sudomotor function con- 
trolled by the sympathetic nervous 
system. These two systems are often 
affected simultaneously in autonomic 
neuropathy, yet, in some cases, one of 
them may be predominantly or exclu- 
sively involved.*!* This was seen in the 
small group of diabetics included in 
our series and has also been reported 
by other authors using different 
methods.?*** Since the RRIV and SSR 
evaluate different components of the 
autonomic nervous system, it is not 
surprising that abnormalities do not 
always occur in parallel. However, we 
observed no false-negative results (ie, 
patients with dysautonomia, but no 
abnormalities) when both parameters 
were considered. 

Patients with a demyelinating neu- 
ropathy such as GBS might be ex- 
pected to have more prominent vagal 
dysfunction than sympathetic failure 
(since the sympathetic nerves are un- 
myelinated apart from the short 
preganglionic segments). Indeed, vari- 
ous authors have reported vagal ab- 
normalities in GBS with the Valsalva 
maneuver or heart period testing. 
However, sympathetic vasomotor in- 
stability accounts for much of the 
morbidity and mortality in this condi- 
tion, due to cardiac arrhythmias and 
paroxysmal swings in blood pres- 
sure.”263233 Although vagal abnormal- 
ities were also found in our dysauto- 
nomic patients with GBS, the finding 
of absent SSR in three acutely ill, ven- 
tilator-dependent patients is intrigu- 
ing. This may represent inflammatory 
involvement of preganglionic sympa- 
thetic fibers,™* but may also be due 
to medication, sepsis, or other medical 
illness, or perhaps to habituation in- 
duced by the chronic stress of an in- 
tensive care unit hospitalization. An 
additional possibility is that an ade- 
quate stimulus was not delivered. If 
the neuropathy is severe enough to re- 
quire respiratory support, the elec- 
trical stimulus may not have been 
perceived. In patients who are receiv- 
ing positive-pressure-assisted ventila- 
tion, the vagal stimulation of an in- 
spiratory gasp cannot be given, al- 
though endotracheal suction often is 
followed by a reflex vagal bradycardia. 
In this situation, novel alternative 
stimuli might elicit an SSR where the 
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deafferentation of the disease, and the 
abnormal lung mechanics imposed by 
the ventilator preclude the effective- 
ness of the usual stimuli. 

With respect to other forms of neu- 
ropathy reported in this study, the 
numbers are too small to allow any 
meaningful conclusions. However, it is 
interesting to note that with one ex- 
ception (patient with hereditary motor 
and sensory neuropathy type I) the 
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SSR and the RRIV paralleled each 
other, being either both normal or both 
abnormal. Further studies with other 
forms of neuropathy with autonomic 
features, in particular amyloid, para- 
neoplastic, porphyric, and toxic neur- 
opathies, will be helpful in further as- 
sessing the usefulness of these meth- 
ods. 

The combination of RR interval test- 
ing and the SSR is useful in assessing 
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to the physician immediately if any such signs or symptoms appear 

Since dizziness and drowsiness may occur, patients should be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentially dangerous 
tasks 
Laboratory Tests: Complete pretreatment blood counts. including platelets and possibly 
reticulocytes and serum iron, should be obtained as a baseline Ifa patient in the course of 
treatment exhibits low or decreased white blood cell or platelet counts, the patient should 
be monitored closely. Discontinuation of the drug should be considered it any evidence of 
significant bone marrow depression develops 

Baseline and penodic evaluations of liver function, particularly in patients with a history 
of liver disease. must be performed during treatment with this drug since liver damage 
may occur The drug should be discontinued immediately in cases of aggravated liver 
dysfunction or active liver disease 

Baseline and periodic eye examinations, including slit-lamp. funduscopy and tonome- 
try. are recommended since many phenothiazines and related drugs have been shown to 
cause eye changes 

Baseline and periodic complete urinalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dystunction 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the efficacy 





and safety of anticonvulsants. This monitoring may be particularly useful in cases of 
dramatic increase in seizure frequency and for verification of compliance in addition, 
measurement of drug serum levels may aid in determmning the cause of toxicity when more 
than one medication is being used 

Thyroid function tests have been reported to show decreased values with Tegretol 
administered alone 

Hyponatremia has been reported in association with Tegretol use. either alone or in 
combination with other drugs 
Drug Interactions: The simultaneous administration of phenobarbital. phenytoin. or 
primidone. or a combination of two. produces a marked lowering of serum levels of 
Tegretol. The effect of valproic acid on Tegretol blood levels is not Clearly established 

The haif-irves of phenytoin, wartarin, doxycycline. and theophylline were significantly 
Shortened when administered concurrently with Tegreto! Haloperidol and valproic acid 
serum levels may be reduced when these drugs are administered with Tegreto! The doses 
of these drugs may therefore have to be increased when Tegretol is added to the 
therapeutic regimen 

Concomitant administration of Tegretol with erythromycin, cimetidine propoxyphene. 
isoniazid or calcium channel blockers has been reported to result in elevated plasma levels 
of carbamazepine resulting in toxicity in some cases Also. concomitant administration of 
carbamazepine and lithium may increase the risk af neurotoxic side effects 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiving concomitant oral 
contraceptives and their reliability may be adversely affected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carbamazepine when admin- 
istered to Sprague-Dawley rats for two years in the diet at doses of 25. 75. and 250 
mg/kg/day, resulted in a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of males 

Carbamazepine must. therefore. be considered to be carcinogenic in Sprague-Dawley 
rats. Bacterial and mammalian mutagenicity studies using carbamazepine produced 
negative results The significance of these findings relative to the use of carbamazepine in 
humans is. at present, unknown 
Pregnancy Category C: Tegretol has been shown to have adverse effects in reproduction 
Studies in rats when given orally in dosages 10-25 imes the maximum human daily dosage 
of 1200 mg In rat teratology studies. 2 of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate 1 talipes. 1 
anopnthaimos. 2) In reproduction studies in rats. nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternal dosage leve! of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women Tegretol should 
be used during pregnancy only if the potential benefit justifies the potential risk to the 
fetus 

Retrospective case reviews suggest that. compared with monotherapy, there may be a 
higher prevalence of teratogenic eftects associated with the use of anticonvulsants in 
combination therapy. Therefore. monotherapy is recommended tor pregnant women 

It is important to note that anticonvulsant drugs should not be discontinued in patients 
in whom the drug is administered to prevent major seizures because ot the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life In 
individual cases where the severity and trequency of the seizure disorder are such that 
removal of medication does not pose a serious threat to the patient, discontinuation of the 
drug may de considered prior to and during pregnancy although it cannot be said with any 
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confidence that even minor seizures do not pose some hazard to the developing embryo or 
fetus 
Labor and Delivery: The effect of Tegretol on human labor and delivery is unknown 
Nursing Mothers: During lactation. concentration of Tegretol in milk is approximately 60% 
of the maternal plasma concentration 

Because of the potential for serious adverse reactions in nursing infants from carbamaz- 
epine a decision should be made whether to discontinue nursing or to discontinue the 
drug, taking into account the importance of the drug to the mother 
Pediatric Use: Satety and effectiveness in children below the age of 6 years have not been 
established 
ADVERSE REACTIONS 
If adverse reactions are of such severity that the drug must be discontinued the physician 
must be aware that abrupt discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epilepticus with its life-threatening 
hazards 

The most severe adverse reactions have been observed in the hemopoietic system (see 
boxed WARNING), the skin and the cardiovascular system 

The most frequently observed adverse reactions. particularly during the initial phases of 
therapy, are dizziness. drowsiness. unsteadiness. nausea, and vomiting To minimize the 
possibility of such reactions, therapy should be initiated at the low dosage recommended 

The following additional adverse reactions have been reported 
Hemopovetic System Aplastic anemia. agranulocytosis pancytopenia. bone marrow 
depression. thrombocytopenia. leukopenia. leukocytosis. eosinophilia 
Skin’ Pruntic and erythematous rashes. urticaria. toxic epidermal necrolysis (Lyell’s 
syndrome) (see WARNINGS). Stevens-Johnson syndrome (see WARNINGS). photosensi- 
tivity reactions. alterations in skin pigmentation, exfoliative dermatitis. erythema multi- 
forme and nodosum, purpura. aggravation of disseminated lupus erythematosus. 
alopecia. and diaphoresis In certain cases. discontinuation of therapy may be necessary 
Cardiovascular System Congestive heart tavure. edema. aggravation of hypertension 
hypotension, syncope and collapse, aggravation of coronary artery disease. arrhythmias 
and AV block. primary thrombophlebitis. recurrence of thrombophlebitis. and adenopathy 
of lymphadenopathy 

Some of these cardiovascular complications have resulted in fatalities Myocardial 
infarction has been associated with other tricyclic compounds 
liver Abnormalities in liver function tests cholestatic and hepatocellular jaundice 
hepatitis 
Respiratory System. Pulmonary hypersensitivity characterized by fever dyspnea. pneu- 
monitis or pneumonia 
Genitounnary System Urinary trequency, acute urinary retention. oliguria with elevated 
blood pressure. azotemia. renal failure. and impotence Albuminuria. glycosuria. elevated 
BUN and microscopic deposits in the urine have also been reported 

Testicular atrophy occurred in rats receiving Tegreto! orally from 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day Additionally, rats receiving Tegretol in the diet tor two years 
at dosage levels of 25. 75. and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis In dogs. it produced a brownish discoloration presum- 
ably a metabolite. in the urinary bladder at dosage levels of 50 mg/kg and higher 
Relevance of these findings to humans is unknown 
Nervous System Dizziness, drowsiness. disturbances of coordination. confusion. head- 
ache. fatigue. blurred vision, visual hallucinations. transient diplopia. oculomotor distur 
bances, nystagmus. speech disturbances. abnormal involuntary movements. penpheral 
neuritis and paresthesias. depression with agitation. talkativeness. tinnitus. and hyper- 
acusis 

There nave been reports of associated paralysis and other symptoms of cerebral arterial 
insufficiency, but the exact relationship of these reactions to the drug has not been 
established 
Digestive System Nausea, vomiting. gastric distress and abdominal pain. diarrhea. 
constipation, anorexia. and dryness of the mouth and pharynx. including glossitis and 
stomatitis 
Eyes Scattered, punctate, cortical lens opacities. as well as conjunctivitis have been 
reported Although a direct causal relationship has not been established. many phenothia- 
zines and related drugs have been shown to cause eye changes 
Musculoskeletal System. Aching joints and muscles. and leg cramps 
Metabolism Fever and chills Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reported Cases of trank water intoxication. with decreased serum sodium 
(hyponatremia) and confusion, have been reported in association with Tegretol use (see 
PRECAUTIONS. Laboratory Tests) 
Other Isolated cases of a lupus erythematosus-like syndrome have been reported There 
have been occasional reports of elevated levels of cholesterol, HDL cholesterol and 
tnglycerides in patients taking anticonvulsants 
DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol, nor is there evidence of 
psychological or physical dependence in humans 





OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose adults, >60 g (39-year-old man) Highest known doses 
Survived adults. 30 g (31-year-old woman), children. 10 g (6-year-old boy), small 
children, 5 g (3-year-old girl) 

Oral LD59 in animats (mg/kg) mice. 1100-3750. rats, 3850-4025. rabbits. 1500-2680 
guinea pigs. 920 
Signs and Symptoms 
The first signs and symptoms appear atter 1-3 hours Neuromuscular disturbances are the 
most prominent Cardiovascular disorders are generally milder, and severe cardiac com- 
plications occur only when very high doses (>60 g) have been ingested 
Respiration Irregular breathing. respiratory depression 
Cardiovascular System Tachycardia, hypotension or hypertension. shock. conduction 
disorders 
Nervous System and Muscles. Impairment of consciousness ranging in severity to deep 
coma Convulsions, especially in small children Motor restlessness, muscular twitching 
tremor, athetoid movements. opisthotonos, ataxia, drowsiness. dizziness mydriasis. 
nystagmus. adiadochokinesia. ballism, psychomotor disturbances. dysmetria Initial 
hyperretlexia. followed by hyporetlexia 
Gastrointestinal Tract Nausea, vomiting 
Kidneys and Bladder- Anuria or oliguria. urinary retention 
Laboratory Findings Isolated instances of overdosage have included leukocytosis. re- 
duced leukocyte count, glycosuria and acetonuria_ EEG may show dysrhythmias 
Combined Poisoning When alcohol, tricyclic antidepressants, barbiturates or hydantoins 
are taken at the same time. the signs and symptoms of acute poisoning with Tegretol may 
be aggravated or moditied 
Treatment 
The prognosis in cases of severe poisoning is Critically dependent upon prompt elimination 
of the drug. which may be achieved by inducing vomiting, irrigating the stomach. and by 
taking appropriate steps to diminish absorption If these measures cannot be implemented 
without risk On the spot. the patient should be transferred at once to a hospital. while 
ensuring that vital functions are safeguarded There is no specitic antidote 
Elimination of the Drug: Induction of vomiting 

Gastric lavage Even when more than 4 hours have elapsed following ingestion of the 
drug, the stomach should be repeatedly irrigated. especially if the patient has also 
consumed alcohol 
Measures to Reduce Absorption Activated charcoal, laxatives 
Measures to Accelerate Elimination: Forced diuresis 

Dialysis is indicated only in severe poisoning associated with renal failure Replacement 
transfusion is indicated in severe poisoning in small children 
Respiratory Depression. Keep the airways free. resort. if necessary, to endotracheal 
intubation, artificial respiration. and administration of oxygen 
Hypotension. Shock: Keep the patient's legs raised and administer a plasma expander |f 
blood pressure fails to rise despite measures taken to increase plasma volume use of 
vasoactive substances should be considered 
Convulsions Diazepam or barbiturates 
Warning Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension. and coma However, barbiturates should not be used if drugs that 
inhibit Monoamine oxidase Nave also been taken by the patient either in Overdosage or in 
recent therapy (within one week) 
Surveillance Respiration. cardiac tunction (ECG monitoring). blood pressure. body tem- 
perature. pupillary reflexes. and kidney and bladder tunction should be monitored tor 
Several days 
Treatment of Blood Count Abnormalities. \t evidence ot significant bone marrow depres- 
sion develops. the following recommendations are suggested (1) stop the drug. (2) per- 
form daily CBC platelet and reticulocyte counts. (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery 

Special periodic studies might be helpful as follows (1) white cell and platelet anti- 
bodies. (2) 59Fe—terrokinetic studies. (3) penpheral blood cell typing. (4) cytogenetic 
Studies on marrow and peripheral blood, (5) bone marrow culture studies for colony- 
forming units. (6) hemoglobin electrophoresis tor Ao and F hemoglobin. and (7) serum 
tolic acid and B12 levels 

A fully developed aplastic anemia will require appropriate. intensive monitoring and 
therapy. for which specialized consultation should be sought 
DOSAGE AND ADMINISTRATION 
Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS. Laboratory Tests). Dosage should be adjusted to the needs of the individ- 
ual patient A low initial daily dosage with a gradual increase is advised As soon as 
adequate control is achieved, the dosage may be reduced very gradually to the minimum 
effective level Tablets should be taken with meals 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—Initial 200 mg bid, Increase at weekly 
intervals by adding up to 200 mg per day using atid or qi d. regimen until the best 
response is obtained Dosage should generally not exceed 1000 mg daily in children 12 to 
15 years of age. and 1200 mg daily in patients above 15 years of age Doses up to 1600 mg 
daily have been used in adults in rare instances Maintenance: Adjust dosage to the 
minimum effective level, usually 800-1200 mg daily 
Children 6-12 years of age—Initial; 100 mgb ı d increase at weekly intervals by adding 
100 mg per day usinga t ı d orq id regimen until the best response ıs obtained Dosage 
Should generally not exceed 1000 mg Maintenance: Adjust dosage to the minimum 
effective level. usually 400-800 mg daily 
Combination Therapy: Tegretol may be used alone or with other anticonvulsants When 
added to existing anticonvulsant therapy, the drug should be added Qradually while the 
other anticonvulsants are maintained or gradually decreased, except phenytoin. which 
may Nave to be increased (see PRECAUTIONS. Drug Interactions and Pregnancy Category 
C) 
Trigeminal Neuralgia (see INDICATIONS AND USAGE) 
Initial: 100 mg b ı d on the tirst day for a total daily dose of 200 mg This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg every 12 hours only as 
needed to achieve treedom from pain Do not exceed 1200 mg daily 
Maintenance: Contro! ot pain can be maintained in most patients with 400 mg to 800 mg 
daily However some patients may be maintainea on as little as 200 Mg daily, while others 
May require as much as 1200 mg daily At least once every 3 months throughout the 
treatment period. attempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug 
HOW SUPPLIED 
Chewable Tablets 100 mg—round. red-speckled. pink single-scored (imprinted Tegreto! 
on one side and 52 twice on the scored side) 


Botties of 100 NDC 0028-0052-01 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NDC 0028-0052-61 


Tablets 200 mg—capsule-shaped pink. single-scored (imprinted Tegreto! on one side 
and 27 twice on the scored side) 

Bottles of 100 

Bottles of 1000 
Gy-Pak*—One Unit 

12 botties— 100 tablets each 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NDC 0028-0027-61 
Samples. when available, are identified by the word SAMPLE appearing on each tabiet 
Protect from moisture 
Dispense in tight container (USP) 
Also available as Tegretol suspension 100 mg/5 mi, in 450 mi bottles 


NDC 0028-0027-01 
NDC 0028-0027-10 


NDC 0028-0027-65 
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Linkage of DNA Markers at Xq28 to 
Adrenoleukodystrophy and 
Adrenomyeloneuropathy Present Within the Same Family 


Patrick J. Willems, MD; Lieve Vits; Ronald J. A. Wanders, PhD; Paul J. Coucke; Bart J. Van der Auwera, MD; 
August F. Van Elsen, PhD; Peter Raeymaekers, PhD; Christine Van Broeckhoven, PhD; Ruud B. H. Schutgens, PhD; 
Georges Dacremont, PhD; Jules G. Leroy, MD, PhD; Jean-Jacques Martin, MD; Jan E. Dumon, MD 


è We present a large kindred that con- 
tained patients with either adrenoleuko- 
dystrophy (ALD) or adrenomyeloneuropa- 
thy (AMN). The pedigree clearly supported 
the X-linked mode of inheritance of the 
nonneonatal form of ALD/AMN. Analysis 
with DNA markers at Xq28 suggested seg- 
regation of both ALD and AMN with an 
identical haplotype. This indicated that 
nonneonatal ALD and AMN are caused by 
a mutation in the same gene at Xq28. It 
showed, furthermore, that phenotypic dif- 
ferences between ALD and AMN are not 
necessarily the consequence of allelic het- 
erogeneity due to different mutations 
within the same gene. The maximal lod 
score for linkage of the ALD/AMN gene 
and the multiallelic anonymous DNA 
marker at DXS52 was 3.0 at a recombina- 
tion fraction of 0.00. This made a prenatal 
or presymptomatic diagnosis and het- 
erozygote detection by DNA analysis with 
this marker reliable. 

(Arch Neurol. 1990;47:665-669) 


X - linked adrenoleukodystrophy 
(ALD) was first described by Sie- 
merling and Creutzfeldt! in 1923. The 


Accepted for publication September 27, 1989. 

From the Departments of Medical Genetics 
(Drs Willems, Van der Auwera, Van Elsen, and 
Dumon, Ms Vits, and Mr Coucke), Neurology (Dr 
Martin), and Biochemistry (Drs Raeymaekers 
and Van Broeckhoven), University of Antwerp 
(Belgium); the Department of Pediatrics, Univer- 
sity Hospital, Ghent, Belgium (Drs Dacremont 
and Leroy); and the Department of Pediatrics, 
University Hospital, Amsterdam, the Nether- 
lands (Drs Wanders and Schutgens). 

Reprint requests to Department of Medical Ge- 
netics, University of Antwerp-UIA, Univer- 
siteitsplein 1, 2610 Wilrijk, Belgium (Dr Willems). 


Arch Neurol—Vol 47, June 1990 


phenotype is variable and includes 
childhood ALD, adolescent ALD, adult 
cerebral ALD, adrenomyeloneuropa- 
thy (AMN), and Addison’s disease 
without neurological involvement.” 
The most common types are childhood 
ALD (41%) and AMN (21%). There 
exists a large intrafamilial clinical 
variability, and ALD and AMN have 
been described within the same family 
in 43 (29% ) of 146 kindreds studied by 
Moser.’ Childhood ALD is character- 
ized by normal development until the 
age of approximately 7 years, with the 
age at onset of fast psychomotor dete- 
rioration leading to a fatal outcome at 
a mean age of 9.4 years. Initial symp- 
toms include a diminished attention 
span, hyperactivity, and auditory or 
visual impairment. Within a few 
years, there is rapid progression to an 
apparently vegetative state with cor- 
tical blindness and seizures.’ In AMN, 
the mean age at onset of symptoms is 
28 years. Male patients with AMN 
show paraparesis (100% ), sensory dis- 
turbances (most patients), cerebral in- 
volvement (20%), and adrenal dys- 
function (88% ). About 50% of female 
carriers have clinical abnormalities. 
These consist of an AMN picture with 
paraparesis (98%), sensory distur- 
bances (91%), cerebral involvement 
(5%), and adrenal dysfunction (7%). 
Symptoms in symptomatic carrier 
women start at a mean age of 43 
years.*” 

Adrenocortical cells, Schwann cells, 
and nerve twigs of patients with ALD/ 
AMN contain characteristic lamellar 
cytoplasmic inclusions.* These consist 


of cholesterol that is esterified to 24- to 
30-carbon atom fatty acids (very long- 
chain fatty acids [VLCFAs]).° To our 
knowledge, Singh et al‘ were the first to 
demonstrate the impaired degrada- 
tion of VLCFAs in patients with ALD. 
The primary defect likely to be respon- 
sible for the accumulation of VLCFAs 
is a deficiency of the peroxisomal en- 
zyme lignoceroyl-coenzyme A ligase 
that activates VLCF As to their coen- 
zyme A esters.’'? As a consequence, 
peroxisomal beta oxidation of 
VLCF As is deficient, and the levels of 
hexacosanoic acid (C26:0), penta- 
ecosanoic acid (C25:0) and lignoceric 
acid (C24:0) are elevated in the adrenal 
cortex, cerebral white matter, plasma, 
fibroblasts, cultured amniotic fluid 
cells, and chorionic villi of patients.'!* 
The measurement of VLCFA levels 
confirms the diagnosis in patients, but 
provides also a preclinical and prena- 
tal diagnosis in families at risk. An 
excess of VLCFAs is, however, also 
present in most of the other peroxiso- 
mal disorders (neonatal ALD, Zell- 
weger syndrome, infantile Refsum 
syndrome, hyperpipecolic acidemia, 
pseudoneonatal ALD, and pseudo- 
Zellweger syndrome).'*'® As only 85% 
of obligate heterozygotes show in- 
creased VLCFA levels, unequivocal 
identification of all heterozygotes, 
based on VLCFA levels alone, is not 
possible.*!’ 

Although the ALD/AMN gene has 
not yet been isolated, it has been local- 
ized to Xq28 by linkage studies with 
glucose-6-phosphate dehydrogenase."* 
Recently, tight linkage with no recom- 
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Table 1.—Clinical Features and Laboratory Investigations * 





Neurological abnormalities 


Patient 


Eee A 
Age at examination, y 50 47 4 39 35 29 9 
2 


Age at onset, y 1 
Gait abnormalities + 
Pyramidal syndrome + 
Hypoesthesia + 
Paresthesia + 
Loss of proprioception + 
Bladder dysfunction - 
Diminished potency — 
Mental abnormalities 
Hearing abnormality — 
Blindness — 
SEP abnormalities 
BAEP abnormalities 
NCV abnormalities 
Adrenal abnormalities 
Skin pigmentation — 
Basal cortisol, nmol/Lt 251 
Basal corticotropin, pmol/L+ 17 
Abnormal synacthen 


+|+|+ 


Alive 
AMN 


Age at death, y 
Diagnosis 


* Plus sign indicates present; minus sign, absent; SEP, somatosensory evoked 


1 

46 29 Unknown 24 17 8 
- + — + + + 
+ + + + + + 
+ + _ + + 

te _ — —— ome 

+ + - + + 

— + — + + 

= + - + + » Ei 
= = => = = + 
ad ~ E = _ 1 
- - = = = + 
+ + + + + NP 
NP + + + + NP 
NP + _ + + - 
_ = = + — + 
NP 201 359 138 224 NP 
NP 14 4 341 4 NP 


stimulation test NP — NP NP — NP 
Color vision abnormalities§ —_ NP - NP — — NP 
Pathological abnormalities|| NP NP + NP + + 


+ 
Alive Alive Alive Alive Alive 12 
Symptomatic AMN Symptomatic AMN AMN ALD 
Carrier carrier 


NP, not performed; AMN, adrenomyeloneuropathy; and ALD, adrenoleukodystrophy. 
tBasal cortisol: normal values, 50 to 250 ng/mL of serum. 


Basal corticotropin: normal values, <28 pmol/L. 


§Color vision abnormalities examined with Ishihara’s test. 
||Pathological abnormalities as described by Martin et al.*?? 


bination between the ALD/AMN gene 
and the DXS52 locus was reported.'?”! 
As the DXS52 locus is located in a 
linkage group with factor VIII and 
DXS15, we performed genetic analysis 
between these DNA markers and the 
ALD/AMN gene. 


PATIENTS AND METHODS 


The clinical features and laboratory ab- 
normalities observed in the patients are 
summarized in Table 1 and have been pub- 
lished in part previously.*”?*5 

Briefly, ALD with a fastly progressive 
deterioration and fatal outcome was 
present in III-4. Findings from a postmor- 
tem examination of the brain confirmed the 
clinical diagnosis.” Patient III-16 showed a 
rapid neurological deterioration that was 
noticed at the age of 8 years. His perfor- 
mance at school diminished, and his gait 
and behavior became abnormal. At the age 
of 8% years, he suddenly died without any 
further clinical, biochemical, or pathologi- 
cal examination. In view of his typical clin- 
ical picture and the available family his- 
tory, ALD was the most likely diagnosis. 
Adrenomyeloneuropathy was present in 
four male patients II-3, II-12, II-16, and III- 
1 (Table 1). Two female carriers, II-8 and 
II-14, showed signs and symptoms of a 
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peripheral neuropathy that was compatible 
with the expression of the ALD-AMN gene 
in the heterozygote state (Table 1). The 
other carriers were not examined. 


VLCFA Analysis 


The VLCFAs in plasma and fibroblasts 
were analyzed by gas-liquid chromatogra- 
phy in a gas-liquid chromatograph (mode 
438, Packard) that was equipped with a 25 
m X 0.20 mm capillary column (100% di- 
methylpolysiloxane:HP-101), as described 
previously.” The fatty acids were measured 
with a Shimadzu Chromatopaec Data pro- 
cessor. Interpretation of the VLCFA profile 
was given by one of the authors (R.J.A.W.) 
who did not know the clinical data or ped- 
igree structure. 


DNA Analysis 


The DNA was extracted from peripheral 
lymphocytes by the method of Miller et al.”° 
Six micrograms of DNA was digested to 
completion with restriction endonucleases 
under conditions recommended by the man- 
ufacturer. Denaturation, neutralization, 
and blotting on membranes (Hybond-N) 
was performed according to standard 
techniques.” Prehybridization and hybrid- 
ization with DNA probes, labeled with the 
random-primed oligolabeling method, were 


potential; BAEP, brain-stem auditory evoked potential; NCV, nerve conduction velocity; 


carried out under normal stringency condi- 
tions. Filters were put on intensifying 
screens at —75°C and developed after 1 to 5 
days. 

The F814 hybrid probe detects two Bell 
restriction fragment length polymor- 
phisms: one in the factor VIII gene and one 
at the DXS52 locus. The factor VIII Bell re- 
striction fragment length polymorphism 
has two polymorphic bands at 1.2 kilobases 
(kb) (B) and 0.9 kb (b). The Bell restriction 
fragment length polymorphism at DXS52is 
hypervariable with bands between 3 and 7 
kb (alleles 1 to 5). The DX13 (DXS15) probe 
detects a two-allelic BglII restriction frag- 
ment length polymorphism at DXS15 with 
bands at either 5.8 kb (A) or 2.8 kb (a). 


Linkage Analysis 


Patients and heterozygotes for ALD/ 
AMN were identified by a clinical examina- 
tion and an analysis of pedigree structure 
and of plasma levels of VLCFAs. Lod scores 
between the ALD/AMN gene and polymor- 
phic DNA markers at Xq28 were calculated 
by using the computer programs MLINK 
and MULTIPOINT from the computer 
package LINKAGE.* Lod scores are the 
log, of the ratio of likelihood of linkage vs 
nonlinkage calculated at different recombi- 
nation fractions. A maximal lod score 
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Fig 1.—C26:0/C22:0 ratio (left) and C26:0 levels (right) in plasma of male patients, obligate heterozygotes and heterozy- 
gotes identified by DNA analysis, and male and female controls, all belonging to the same family. 
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Fig 2.—Family pedigree with male patients affected with adrenoleukodystrophy (closed squares), male patients affected with 
adrenomyeloneuropathy (shaded squares), obligate heterozygotes for adrenoleukodystrophy or adrenomyeloneuropathy 
(half-shaded circles), and heterozygotes with clinical manifestations of adrenomyeloneuropathy (half-closed circles). The 
corresponding DNA haplotypes were constructed by using restriction fragment length polymorphisms detected by the F814 
probe at the factor VIII locus (alleles B or b), by the F814 probe at the DXS52 locus (alleles 1, 2, 3, 4, or 5), and by the DX13 
probe at the DXS15 locus (alleles A or a). 


Table 2.—Two-Point Lod Scores for Linkage of the ALD/AMN Gene and 
DNA Markers at Xq28* 


Recombination Fraction (9) 


0.1 





* ALD indicates adrenoleukodystrophy; AMN, adrenomyeloneuropathy. 
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greater than +3 is considered to be formal 
proof of linkage. 


RESULTS 
Biochemical Assays 


Figure 1 shows the C26:0/C22:0 ratio 
(Fig 1, left) and the C26:0 levels (Fig 1, 
right) in the plasma of 32 family 
members. The C26:0/C22:0 ratio was 
strongly elevated (0.130 to 0.160) in the 
plasma of all four male patients with 
AMN, II-3, I-12, I-16, and III-1, as 
compared with control (0.008 to 0.023) 
and heterozygote (0.015 to 0.041) val- 
ues. Furthermore, the total C26:0 
plasma content in the patients (2.64 to 
4.00 mg/L) was greatly increased and 
showed no overlap with controls (0.33 
to 1.23 mg/L) or heterozygotes (0.92 to 
1.58 mg/L). The VLCFA analysis could 
not be performed in the two patients 
with childhood ALD, as they had de- 
ceased long before this study. Seven 
heterozygotes were identified through 
the VLCFA analysis, whereas the ped- 
igree analysis revealed an additional, 
obligate heterozygote II-2, which 
showed a normal VLCFA profile. Both 
the range of the C26:0/C22:0 ratio and 
the range of the C26:0 level overlap be- 
tween heterozygotes and controls, 
even within the same family, are 
shown in Fig 1. 


DNA Analysis 


The DNA analysis with polymorphic 
markers for factor VIII (F814), DXS52 
(F814), and DXS15 (DX13) revealed 
the unequivocal segregation of the 
ALD/AMN gene with the haplotype 
b-5-A (Fig 2). There was no crossing 
over between the ALD/AMN gene and 
any of these markers. A maximal lod 
score of 3.0 at a recombination fraction 
(0) of 0.00 between the ALD/AMN 
gene and DXS52 was obtained (11 in- 
formative meioses) (Table 2). The 
maximal lod score for linkage between 
the ALD/AMN gene and DXS15 was 
1.6 (6 = 0.00) (6 informative meioses) 
and 1.4 for ALD/AMN-factor VIII at 
(© = 0.00) (6 informative meioses). 

Multipoint linkage analysis was per- 
formed between the ALD/AMN gene 
and DXS52-DXS15, as the number of 
informative meioses increased to 17. 
The distance between DXS52 and 
DXS15 was set at 0% recombination 
because crossovers between both loci 
were not observed in this family and 
are scarce in the literature.” A lod 
score of 4.59 with a recombination 
fraction (9) of 0.00 was obtained. 

Although both patients with ALD, 
IT-4 and III-29, had deceased before 
the DNA analysis, it is obvious from 
Fig 2 that their ALD gene was associ- 
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ated with the haplotype b-5-A identi- 
fied in all four patients with AMN. 


COMMENT 


In the kindred reported here, the 
mutation that caused either ALD or 
AMN segregated with an identical 
DNA haplotype at Xq28. This con- 
firmed that ALD and AMN may be due 
to a mutation in the same gene. This 
family also showed that the clinical 
differences between ALD and AMN 
are not necessarily due to different al- 
lelic mutations, suggesting that modi- 
fying nonallelic genes or environmen- 
tal factors may determine whether an 
ALD or an AMN phenotype is ex- 
pressed. 

An increasing list of disorders, in- 
cluding ALD/AMN, Hunter’s syn- 
drome, hemophilia A, Emery-Dreifuss 
muscular dystrophy, nephrogenic dia- 
betes insipidus, glucose-6-phosphate 
dehydrogenase deficiency, fragile X 
syndrome and red/green color blind- 
ness, dyskeratosis congenita, inconti- 
nentia pigmenti, and myotubular my- 
opathy, have been mapped to Xq27 to 
Xq28.” The red/green visual pigment 
genes might be close to the ALD/AMN 
gene, as color vision defects are often 
associated with ALD/A MN.” Further- 
more, intragenic rearrangements and 
deletions in the red/green visual pig- 
ment genes have been detected in 
patients affected with ALD/AMN.”! 
Therefore, the ALD gene most proba- 
bly is physically linked to the red/ 
green color vision genes, and some 
patients with ALD/AMN might show 
deletions that encompass both genes. 
In this family screening, test results 
for red/green color discrimination 
were normal in all four patients with 
AMN. However, this does not exclude 
minor defects in color vision due to the 
limited sensitivity of the screening 
test used. The DNA analysis of the 
red/green visual pigment genes is nec- 
essary to exclude intragenic deletions 
and rearrangements.?!° 

Tight linkage between the ALD/ 
AMN and an anomynous marker at the 
DXS52 locus has been reported.!?°"! In 
this family, we did detect recombina- 
tion between the ALD/AMN gene and 
DXS52 situated on the long arm of 
chromosome X at Xq28. A maximal lod 
score of 3.0 at arecombination fraction 
of 0.0 in 11 informative meioses was 
obtained. Summating the maximal lod 
scores for linkage between the ALD/ 
AMN gene and DXS52 in our family 
and the families reported by Boué et 
al,’ Auburg et al,” and Van Oost et al,” 
the log of odds for linkage vs indepen- 
dent assortment is 22.3, and no recom- 
binants between the two loci have been 


found. Recently, however, Graham et 
al? described a family with ALD and 
with the same DXS52 allele in one af- 
fected son, one obligate heterozygote 
daughter, two unaffected sons, and 
three noncarrier daughters of the 
same female carrier. As this would re- 
quire at least two recombinations be- 
tween the ALD gene and DXS52, go- 
nadal mosaicism in the mother might 
be a more likely explanation.” 

The cluster of DNA markers at Xq28 
further includes the coagulation factor 
VIII gene and an anonymous marker 
at DXS15 (DX13). No linkage data of 
those markers with the ALD gene have 
been reported. In this family, no re- 
combination between the ALD/AMN 
gene and the factor VIII gene (six 
informative meioses) or DXS15 (six 
informative meioses) was observed. 
This suggests that both markers might 
be useful in the case of homozygosity 
at the DXS52 locus, which occurs in 
approximately 20%. Linkage analysis 
using DXS52 has proved to be superior 
to VLCFA analysis for heterozygote 
detection of ALD/AMN. Heterozygote 
and control plasma levels of C26:0 and 
C26:0/C22:0 overlap within this fam- 
ily, although all the samples were han- 
dled in an identical way. Even in the 
laboratory with the most extensive 
experience in this field, only 85% of 
obligate heterozygotes are identified 


by VLCFA analysis." A false-negative ` 


diagnosis of 15% in at-risk women im- 
plies that a prenatal diagnosis must be 
offered to every woman at risk, irre- 
spective of her VLCFA status. Com- 
bining VLCFA analysis with DNA 
analysis, however, reduces the false- 
negative rate to approximately 0%. In 
that case, a prenatal diagnosis can be 
restricted only to women identified as 
carriers. 


Weare indebted to Jean-Louis Mandel, PhD, for 
the F814 probe and to Kay E. Davies, PhD, for the 
DX13 probe used in this study. 
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Serum Hormones in Male Epileptic Patients 
Receiving Anticonvulsant Medication 


Jouko I. T. Isojärvi, MD, PhD; Arto J. Pakarinen, MD, PhD; 
Pekka J. Ylipalosaari, MD; Vilho V. Myllylä, MD, PhD 


è Circulating sex and thyroid hormones, 
as well as the pituitary function, were as- 
sessed in 63 male patients with epilepsy 
receiving either a single medication of 
carbamazepine, phenytoin, or valproate or 
a combination of carbamazepine plus phe- 
nytoin or carbamazepine plus valproate. 
All therapeutic regimens, including car- 
bamazepine and/or phenytoin were asso- 
ciated with low levels of circulating thy- 
roxine (T4), free thyroxine (FT4), and de- 
hydroepiandrosterone sulfate, and with 
low values for the free androgen index, 
and phenytoin and carbamazepine plus 
phenytoin were associated with high se- 
rum concentrations of sex hormone-bind- 
ing globulin. These hormone parameters 
were unaffected by valproate monothera- 
py. It seems probable that accelerated 
hormone metabolism is responsible for the 
hormonal changes found in patients 
treated with carbamazepine and/or phe- 
nytoin. However, every drug regimen stud- 
ied also had depressant and/or stimula- 
tory effects on the function of the 
hypothalamic-pituitary axis. The diverse 
endocrine effects of different antiepilep- 
tic drug regimens should be considered 
when starting antiepileptic drug therapy. 

(Arch Neurol. 1990;47:670-676) 


[t is well known that in patients with 

epilepsy the serum concentrations 
of several hormones may be different 
from those of the average population 
of similar age.'* Moreover, epilepsy 
patients often suffer from symptoms 
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that may be caused by changes in the 
hormonal balance.** However, it is not 
clear whether it is epilepsy per se or 
the antiepileptic drugs (AEDs), or 
both these together, that cause 
changes in serum hormone levels and/ 
or the function of the hypothalamic- 
pituitary axis (HPA). 

` Furthermore, the level at which the 
AEDs affect the endocrine system is 
not certain. It has been proposed that 
the liver enzyme-inducing property of 
most AEDs accounts for the changes in 
serum hormone levels by accelerating 
the metabolism of steroid and thyroid 
hormones.'*> However, a disturbance 
of the central regulation of the HPA 
also seems probable,'*'* and the direct 
effects of AEDs on, eg, the thyroid 
gland, are not ruled out either.” 

The effects of single AEDs on thy- 
roid function are well document- 
ed.'*>!8!9 However, knowledge of the 
effects of AEDs on serum sex hormone 
levels is mainly based on studies in pa- 
tients with AED polypharmacy,**?>! 
although reports on serum sex hor- 
mone levels in epilepsy patients on 
AED monotherapy have also been 
published.” Knowledge about the 
effects of AEDs on the function of 
the HPA is sparse and controver- 
sial.'*!62426 Indeed, little is known 
about the possible differences between 
various AEDs and AED combinations 
with regard to their effects on the en- 
docrine system as a whole. 

The aim of this study was to evalu- 
ate the effects of carbamazepine, phe- 
nytoin, and valproate treatment, given 
as monotherapy, on the endocrine 
function of male patients with epi- 
lepsy. Furthermore, it proved impor- 
tant to compare the effects of different 
drug combinations (carbamazepine 


plus phenytoin, carbamazepine plus 
valproate) with the effects of different 
monotherapies on the endocrine pa- 
rameters measured. 


SUBJECTS AND METHODS 


The study was carried out in the Depart- 
ments of Neurology and Clinical Chemistry, 
Oulu (Finland) University Central Hospi- 
tal. The approval of the ethical committee 
of the medical faculty of the University of 
Oulu was obtained. 

Kighty-two male outpatients with epi- 
lepsy participated in the study after giving 
their informed consent. The diagnosis of 
epilepsy was made after careful clinical ex- 
aminations. Cerebral computed tomogra- 
phy and electroencephalography were per- 
formed on each patient. The seizure type 
was classified according to the Interna- 
tional League Against Epilepsy Classi- 
fication.” The therapeutic regimen of these 
patients had been unchanged for at least 1 
year before the study. None of the patients 
received any medication besides AEDs, or 
showed any obvious symptoms or signs of 
illnesses, other than epilepsy, known to af- 
fect the endocrine system. 

More detailed information about the pa- 
tients participating in the study is given in 
Table 1. Twenty patients were receiving 
carbamazepine monotherapy, the mean 
daily dose was 520 + 101 mg, and the mean 
serum level of carbamazepine was 
26.4 + 5.3 „mol/L (in our laboratory, the 
therapeutic range of serum carbamazepine 
is 20.0 to 40.0 nmol/L). Most of these 20 pa- 
tients had well-controlled epilepsy: only 
two of them experienced more than one sei- 
zure per month during the previous months. 
Seventeen patients received phenytoin 
monotherapy: the mean daily phenytoin 
dose was 297 + 67 mg, and the mean serum 
level of phenytoin was 43.3 + 28.0 wmol/L 
(in our laboratory, the therapeutic range of 
serum phenytoin is 40.0 to 80.0 umol/L). All 
17 patients who were receiving phenytoin 
monotherapy had well-controlled epilepsy 
(less than one seizure per month). Eleven 


Serum Hormones—lsojarvi et al 


\ 


Yr 


Table 1.—Demographics of Study Patients Receiving Antiepileptic Drugs”* 


Mean Age, y 
(Range) 
33.1 (21.5-50.2) 
34.3 (19.0-49.8) 
32.3 (23.3-44.7) 


No. of 
Patients 


Anticonvulsive 
Medication 


Carbamazepine 
Phenytoin 
Carbamazepine 


Mean Duration of Medication, y 
EEE N, 


Carbamazepine Phenytoin 
3.3 (1.0-7.5) er 
10.4 (2.8-25.0) 


11.7 (2.5-21.0) 11.6 (1.0-21.0) 


plus phenytoin 


22.2 (17.3-33.4) 
32.5 (18. 1-48.3) 


Valproate 
Carbamazepine 


10.3 (5.0-21.0) 


plus valproate 
*PG indicates primary generalized; P, partial: IP, idiopathic; and S, symptomatic. 


patients received a combination of carba- 
mazepine plus phenytoin: 7 patients had 
well-controlled epilepsy, while 4 experi- 
enced more than one seizure per month. In 
this group the mean carbamazepine dose 
was 691 + 230 mg/d, and the mean pheny- 
toin dose was 255 + 52 mg/d. The mean se- 
rum levels of carbamazepine and phenytoin 
were 20.4 + 5.4 umol/L, and 36.6 + 18.4 
pmol/L, respectively. Seven patients were 
receiving valproate monotherapy; the mean 
daily dose was 986 + 285 mg, and the mean 
serum level of valproate was 0.37 + 0.14 
mmol/L (in our laboratory, the therapeutic 
range for serum valproate is 0.28 to 0.70 
mmol/L). Only one of these seven patients 
experienced more than one seizure 
monthly, the rest having well-controlled 
epilepsy with a few or no seizures per year. 
At the time most of the male patients 
receiving valproate monotherapy in our 
hospital were young. Eight patients re- 
ceived a combination therapy of carba- 
mazepine plus valproate; the mean daily 
dose was 700 + 160 mg of carbamazepine 
and 1325 + 255 mg of valproate. The mean 
serum levels of carbamazepine and val- 
proate were 28.5+49 „mol/L and 
0.36 + 0.10 mmol/L, respectively. Five of 
these patients had well-controlled epilepsy, 
while three of them experienced at least one 
seizure per month. 

A group of 19 untreated male patients 
with recently diagnosed epilepsy served as 
control subjects for the studies of pituitary 
responsiveness. The mean age of these pa- 
tients was 27.5 (16.0 to 49.7) years. Thirteen 
of them had experienced two or three pri- 
mary generalized seizures and six of them 
two partial seizures, with or without sec- 
ondary generalization, during the previous 
year. They were studied before they had re- 
ceived any anticonvulsant medication. Sev- 
enteen healthy male volunteers with a 
mean age of 33.4 (23.6 to 51.3) years served 
as control subjects for serum basal hor- 
mone and sex hormone-binding globulin 
(SHBG) levels. 

Venous blood samples were drawn at 8 AM 
after an overnight fast and after a seizure- 
free period of at least 1 week. The serum 
samples were stored at —20° C until as- 
sayed for hormones, AEDs, and SHBG. 
Immediately after the blood sample for 
baseline values was drawn, an intravenous 
injection of 100 ug of luteinizing hormone- 
releasing hormone (Hoechst AG, Frankfurt 
am Main, West Germany), and 200 ug of 
thyrotropin-releasing hormone  (Hoff- 
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mann-La Roche, Basel, Switzerland) was 
given to the patients in order to assess the 
pituitary responsiveness. A bolus of 10 mg 
of metoclopramide (Metopram, Leiras, 
Turku, Finland) was injected intravenously 
60 minutes later to stimulate pituitary pro- 
lactin secretion. Blood samples for prolac- 
tin, luteinizing hormone, follicle stimulat- 
ing hormone, and thyrotropin assays were 
obtained 20, 60 (before metoclopramide in- 
jection), 80, and 120 minutes after the first 
injection. 

The control subjects were studied only 
for serum basal hormone and SHBG con- 
centrations, and the untreated patients 
only for pituitary responsiveness to lutein- 
izing hormone-releasing hormone, thyro- 
tropin-releasing hormone and metaclopra- 
mide. 


ASSAYS 


Serum thyroxine (T4), triiodothyronine 
(T3), thyrotropin, testosterone, estradiol 
(E2), progesterone, luteinizing hormone, 
and follicle-stimulating hormone concen- 
trations were analyzed by radioimmunoas- 
says using reagent kits from Farmos Diag- 
nostica (Turku and Oulunsalo, Finland). 
The sensitivity of the T4 assay was 5 nmol/L, 
the coefficient of intra-assay variation was 
4.5%, and the coefficient of interassay vari- 
ation was 5.7%. The respective values were 
0.1 nmol/L, 5.1%, and 6.2% for the T3 assay; 
0.5 mU/L, 3.4%, and 5.4% for the thyrotro- 
pin assay; 0.26 nmol/L, 7.0%, and 12.2% for 
the testosterone assay; 0.03 nmol/L, 8.0%, 
and 9.7% for the E2 assay; 0.9 nmol/L, 
74%, and 8.4% for the progesterone assay, 
1.0 U/L, 3.2%, and 6.3% for the luteinizing 
hormone assay; and 0.8 U/L, 4.5%, and 
7.6% for the follicle-stimulating hormone 
assay. The concentrations of serum free 
thyroxine (FT4), free testosterone, dehy- 
droepiandrosterone sulfate, and prolactin 
were measured using radioimmunoassays 
obtained from Diagnostic Products Corp 
(Los Angeles, Calif). The sensitivity of the 
FT4 assay was 0.13 pmol/L, the intra-assay 
variability was 4.4%, and the interassay 
variability was 5.0%. The respective values 
were 0.52 pmol/L, 4.4%, and 5.5% for the 
free testosterone assay; 0.06 mol/L, 4.5%, 
and 5.6% for the dehydroepiandrosterone 
sulfate assay; and 1.4 ug/L, 3.2%, and 7.5% 
for the prolactin assay. The concentrations 
of serum SHBG were determined by an im- 
munoradiometric method using reagent 
kits obtained from Farmos Diagnostica. 
The sensitivity of this assay was 0.5 


No. of Patients by 
Type of Seizures 


Valproate IP 


pP 
7 
9 
7 


5.4 (1.3-11.0) 
8.4 (3.5-16.0) 





nmol/L, the intra-assay variation was 
3.2%, and the interassay variation was 
5.0%. Serum carbamazepine, phenytoin, 
and valproate concentrations were assayed 
by a fluorescence polarization immunoas- 
say system using an analyzer (TDX, Abbott 
Diagnostic Division, Irving, Tex). The sen- 
sitivity of the carbamazepine assay was 2.1 
umol/L, the intra-assay variation was 
1.5%, and the interassay variation was 
2.5%; and, respectively, 1.3 wmol/L, 2.0%, 
and 2.6% for the phenytoin assay; and 0.005 
mmol/L, 2.3%, and 3.1% for the valproate 
assay. 

The free androgen index (FAI) was cal- 
culated from the formula FAI = 100X Se- 
rum Testosterone (nanomoles per liter)/ 
Serum SHBG (nanomoles per liter). The 
results were evaluated statistically by us- 
ing analysis of variance and the Bonferroni 
method. Linear regression analysis was 
used for correlations. 


RESULTS 


The results are presented in Tables 
2 through 4. Serum T4 concentrations 
were lower in the patients treated with 
carbamazepine, phenytoin, carbamaz- 
epine plus phenytoin, and carbamaz- 
epine plus valproate (P < .001) than in 
the control subjects (Table 2). Serum 
FT4 levels were lower in pa- 
tients treated with carbamazepine 
(P < .001), phenytoin (P <.01), car- 
bamazepine plus phenytoin (P < .001), 
and carbamazepine plus valproate 
(P < .001) than in the control subjects. 
Serum T4 and FT4 concentrations 
were unaffected by valproate mono- 
therapy. Serum T3 levels were similar 
in all groups studied. Despite low T4 
and F'l'4 serum levels, the serum thy- 
rotropin concentration was slightly 
elevated (P< .05) only in patients 
treated with a combination of carba- 
mazepine plus valproate. The thyro- 
tropin responses to thyrotropin-re- 
leasing hormone after 20 minutes were 
slightly lower in the patient group re- 
ceiving phenytoin monotherapy than 
in the untreated patients (P <.05), 
while other thyrotropin responses to 
thyrotropin-releasing hormone were 
similar in every patient group studied. 

Serum testosterone levels were high 
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Table 2.—Serum Hormone Concentrations and Free Androgen Index Values in Epileptic Patients Receiving Different Kinds of 
Anticonvulsant Drugs, and in Control Subjects * 


Carbamazepine 
(n = 20) 
Thyroxine, 
nmol/L 
Free thyroxine, 
pmol/L 
Triiodothyronine, 
nmol/L 
Thyrotropin, 
mU/L 
Testosterone, 
nmol/L 
Free testosterone, 
pmol/L 
Sex hormone-binding 
globulin, nmol/L 
Free androgen index 
Estradiol, 
nmol/L 
Progesterone, 
nmol/L 
Dehydroepiandrosterone 
sulfate, mol/L 
Prolactin, 
ug/L 
Luteinizing hormone, 
U/L 


Follicle-stimulating 
hormone, U/L 


67.4 + 11.4t 


13.3 + 2.1f 


“Values given are means + SDs. 
tP < .001 compared with control subjects. 
#P < .01 compared with control subjects. 
§P < .05 compared with control subjects. 


in patients treated with phenytoin 
monotherapy (P <.01) or with car- 
bamazepine plus phenytoin (P < .05) 
(Table 2), but other AED regimens did 
not affect serum testosterone levels. 
However, serum SHBG levels were 
high in patients treated with pheny- 
toin (P<.001) and carbamazepine 
plus phenytoin (P < .001), but the lev- 
els were unaffected by other therapeu- 
tic regimens. The directly measured 
free testosterone levels were similar in 
all groups, but the calculated FAI was 
low in patients treated with carba- 
mazepine (P < .05), phenytoin 
(P < .01), carbamazepine plus pheny- 
toin (P < .05), and carbamazepine plus 
valproate (P < .001), while the FAI 
values were not low in patients receiv- 
ing valproate monotherapy. The E2 
levels were slightly higher in pheny- 
toin-treated (P<.05) and in val- 
proate-treated (P < .01) patients than 
in the controls, but the levels were 
similar in other patient groups to 
those of the control subjects. Serum 
progesterone levels were unaffected by 
anticonvulsant medication. The dehy- 
droepiandrosterone sulfate serum lev- 
els were low in every patient group ex- 
cept the valproate monotherapy group 
(carbamazepine, phenytoin, carba- 
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Carbamazepine 
Pius Phenytoin 
(n = 11) 


Phenytoin 
(n = 17) 


72.5 + 13.9¢ 67.8 + 16.4t 


Carbamazepine 
Plus Valproate 
(n = 8) 


Healthy Control 
Subjects (n = 17) 


Valproate 
(n= 7) 


84.7 + 18.2 58.6 + 6.2ł 92.8 + 13.2 


18.4 + 3.6 


13.8 + 2.64 


32.4 + 9.1¢ 


91.0 + 20.4 


24.2 + 11.1 


22.9 + 6.6 


91.4 + 15.9 


108.0 + 42.1§ 


0.25 + 0.1¢ 


1.10 + 0.47 


6.6 + 2.4§ 


mazepine plus phenytoin, P < .001; car- 
bamazepine plus valproate, P < .01). 
Phenytoin-treated patients had low 
serum prolactin levels (P <.01), but 
other AED regimens did not affect the 
prolactin levels. All other patients, ex- 
cept those treated with carbamazepine 
monotherapy, had low serum luteiniz- 
ing hormone levels. The levels were 
lowest in patients receiving valproate 
(P < .001) or carbamazepine plus val- 
proate (P < .01), but the levels were 
not so low in patients receiving phe- 
nytoin or carbamazepine plus pheny- 
toin (P < .05). The serum follicle-stim- 
ulating hormone levels were low in pa- 
tients receiving valproate (P < .01), 
but in other patient groups the follicle- 
stimulating hormone levels were sim- 
ilar to those of the control subjects. 
The prolactin responses to thyrotro- 
pin-releasing hormone (response 
equals difference between basal and 
stimulated concentration) were 
slightly higher in the patients treated 
with carbamazepine, phenytoin 
(P <.05) and carbamazepine plus 
phenytoin (P <.01), but valproate or 
carbamazepine plus valproate did not 
affect these responses (Table 3). The 
pituitary prolactin responses to meto- 
clopramide were higher in the patient 





group receiving a combination therapy 
of carbamazepine plus phenytoin 
(P < .001) or carbamazepine plus val- 
proate (P < .01), or phenytoin mono- 
therapy (P < .05), but carbamazepine 
or valproate monotherapy did not af- 
fect these responses. The luteinizing 
hormone responses to luteinizing hor- 
mone-releasing hormone were slightly 
higher (P < .05) in patients receiving 
phenytoin and carbamazepine plus 
valproate than in the untreated pa- 
tients. The follicle-stimulating hor- 
mone responses to luteinizing hor- 
mone-releasing hormone were slightly 
high in patients receiving carba- 
mazepine plus valproate (P < .05). 

No significant correlations were 
found between serum AED concentra- 
tions and FAI values, serum SHBG 
levels, or any of the serum hormone 
concentrations that were measured. 

None of the patients revealed any 
obvious clinical signs of hypothy- 
roidism. However, fatigue was a com- 
mon complaint among the patients. 
Some patients complained of impo- 
tence. 


COMMENT 


All AEDs studied, namely carba- 
mazepine, phenytoin, and valproate, 
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Table 3.—Responses of Serum Concentrations of Prolactin, Luteinizing Hormone, Follicle-Stimulating Hormone, and Thyrotropin, to 
200 ug of Thyrotropin-Releasing Hormone, 100 ug of Luteinizing Hormone-Releasing Hormone, and 10 mg of Metoclopramide in 
Untreated Male Epileptic Patients, and in Male Epileptic Patients Treated With Various Anticonvulsant Drugs* 












Carbamazepine Carbamazepine 
Carbamazepine Phenytoin Plus Phenytoin Valproate Valproate Untreated 
(n = 20) (n = 17) (n = 11) (n = 7) (n = 8) (n = 19) 









Prolactin, ug/L 











*Values given are means + SDs. 
+P < .05 compared with the untreated patients. 
+P < .01 compared with the untreated patients. 


Table 4.—Number (%) of Patients With Serum 








Values Outside Normal Range 


After 20 min 314 = 13.7 27.4 + 10.6 a7.7 + 143 29.2 + 9.5 33.4 £ 21.7 28.5 + 14.7 
After 60 min 11.8 + 7.5f 11.6 & ATT 13.7 + 5.9F o:1.%:6.2 6.7 + 6.0 7.0 + 6.9 
After 80 min 75.0 + 16.8 70.5 + 19.2 95.6 + 26.7 70.3 + 23.3 91.8 + 32.7 76.3 + 46.1 
After 120 min 49.2 + 11.6 60.5 + 18.0T 77.4 + 22.2¢ 50.9 + 17.5 71.2 + 34.7$¢ 45.5 + 25.6 
Luteinizing hormone, U/L 
After 20 min 14.9 + 7.5 16.7 + 7.4 17.4+ 9.3 12.7 £ 30 22.7% 11.8 17.3 + 6.6 
After 60 min 12.8 + 6.7 16.5 + 78 16.0 + 7.1 10.6 + 2.6 14.7 + 6.9 12.8 + 5.4 
After 80 min 10.8 = 4.9 14.2 + 7.5T 13.5 + 4.7 9.8+ 2.4 15.4 + 8.3t 10.2 + 3.8 
After 120 min 7.8 + 3.9 11.2 + 6.97f 10.4 + 2.8 70 € 2:1 11.3 + 6.7 74+ 49 
Follicle-stimulating hormone, U/L 
After 20 min oe ie aly HR 2.4. a oA + 1.2 1.7 2 OF 4.5 t+ 3.7 3.3 + 2.5 
After 60 min 2.6 + 2.1 2.5 + 1.4 a7 0.5 1.6 + 0.8 3.4 + 2.3 3.2 + 2.2 
After 80 min 2.3 + 1.6 25 + 1.4 27 £13 16 + 0.9 4.4 + 4.2 3.2 +'2.2 
After 120 min 2.0 + 1.4 2.6 + 1,5 2.3 + 1.0 1.6 +.1.3 4.2 + 4.5t 26+ 18 
Thyrotropin, mU/L 
After 20 min 9.8 + 4.2 6.4 + 4.5t 8.3 + 4.9 7.6. + 3:0 9.8 + 3.5 9.7 = §.1 
After 60 min 6.9 + 3.7 4.1 + 3.0 + 3.6 §.0 + 2.6 5.4+ 1.9 + 2.9 
After 80 min 5.4 + 2.8 3.7 + 2.6 + 25 4.3 + 2.2 4.3 + 1.1 = 
After 120 min ar 2:1 26 + 2:1 = me Is 3.3 + 1.9 2.8 + 0.7 = 


Patient group 
once I A LSS LOL A Te Te ES 


Carba- 
Carba- mazepine 
mazepine Phenytoin Plus Phenytoin 
(n = 20) (n = 17) (n = 11) 


13 (65)* 7 (41.2) 


Free thyroxine 5 (25) 4 (23.5)* 3 (27.3) 5 (62.5)”* 
> 


Testosterone 


Dehydroepiandrosterone sulfate 


. 


Sex hormone-binding globulin 7 (35)t 12 (70.6)t 7 (63.6)t 3 (37.5)t 
ae. eee eee! sera Tee ed 1 (12.5) 


3 (15) 


7 (63.6) 


3 (17.6)t 2 (18.2) 
6 (35.3) 


` 

ES 

-yig 3 (27.3)* 

8 (47.1)* ig 


3 (27.3) 










Hormone or Sex Hormone-Binding Globulin Concentrations or Free Androgen Index 


Carba- 
mazepine 
Valproate Plus Valproate 
(o'= 7) (n = 8) 


1 (14.3) 8 (100) 


0 : 
0 
0 ‘ 
0 


6 (85.7)* 4 (50)* 


Luteinizing hormone 0 x 
Free androgen index 0) 1 (5.9) 0 0 2 (25) 


* Below normal range. 
+Above normal range. 


given as monotherapy, or as a combi- 
nation of carbamazepine plus pheny- 
toin, or carbamazepine plus valproate, 
had some kind of effect on the endo- 
crine parameters that were measured. 
However, the effects were clearly less 
marked in patients receiving valproate 
monotherapy. The combination of car- 
bamazepine plus valproate was the 
therapeutic regimen with the most 
marked effect on serum thyroid hor- 
mone levels and the FAI. 

Serum T4 and FT4 levels were low in 
every patient group except the group 
receiving valproate monotherapy. Se- 
rum T3 concentrations were unaf- 
fected in each group. Moreover, serum 
thyrotropin levels were high only in 
patients receiving a combination of 
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carbamazepine plus valproate. The 
finding of low serum T4 and FT4 con- 
centrations in epilepsy patients receiv- 
ing carbamazepine, phenytoin, or a 
combination of these drugs is consis- 
tent with earlier reports.!2°13'8!975 
Previously slightly low or unchanged 
serum T3 levels have been found in ep- 
ilepsy patients receiving these 
drugs.!2!38192933 Tn agreement with 
most earlier reports,» serum thy- 
rotropin concentrations were not high 
despite low serum thyroid hormone 
levels. So far, reports on the effect of 
valproate on the thyroid hormone bal- 
ance are conflicting, and both low’? 
and unchanged?*? serum T4 and FT4 
levels have been found in patients re- 
ceiving valproate monotherapy. We 


found that serum T4 and FT4 levels 
were lowest in the patient group re- 
ceiving both carbamazepine and val- 
proate. These patients also had higher 
baseline thyrotropin serum levels. As 
far as we know, no reports have been 
published on the effect of the combined 
use of carbamazepine plus valproate 
on serum thyroid hormones. 

In every patient group receiving 
AEDs, except the one receiving phe- 
nytoin monotherapy, serum thyrotro- 
pin responses to thyrotropin-releasing 
hormone were similar to the responses 
in the untreated patient group. The 
normal pituitary thyrotropin re- 
sponses to thyrotropin-releasing hor- 
mone in patients receiving carba- 
mazepine or valproate monotherapy 
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are consistent with most previous 
findings,'?!*? but we have also re- 
ported slightly high thyrotropin re- 
sponses to thyrotropin-releasing hor- 
mone in patients receiving carba- 
mazepine monotherapy.” However, a 
low thyrotropin response to thyrotro- 
pin-releasing hormone has also been 
reported in six carbamazepine-treated 
patients with affective illness and, in 
accordance with our results, in four 
nonepileptic volunteers receiving 
phenytoin.» No data exists on the 
effects of a combination of carba- 
mazepine plus phenytoin, or carba- 
mazepine plus valproate on thyro- 
tropin-releasing hormone-stimulated 
thyrotropin responses. 

It has been postulated that the se- 
rum T4 and FT4 levels are low in epi- 
leptic patients receiving carbamaz- 
epine and/or phenytoin treatment be- 
cause of accelerated metabolism of 
thyroid hormones in the liver.32363” 
Furthermore, an increased peripheral 
conversion of T4 to T3 during carba- 
mazepine and/or phenytoin therapy 
has also been suggested? as an expla- 
nation for the only slightly changed or 
unchanged serum T3 levels. The possi- 
bility has also been raised?"* of the 
competitive binding of carbamazepine 
and phenytoin on thyroxin-binding 
globulin. The results of the present 
study support the hypothesis that in- 
creased metabolism is the main reason 
for decreased T4 and FT4 serum levels 
because carbamazepine and phenytoin 
are well known inducers of the mi- 
crosomal enzyme system of the liver 
metabolizing thyroid hormones, while 
valproate does not seem to have a sim- 
ilar enzyme-inducing effect.’ How- 
ever, the serum T4 and FT4 levels were 
lowest in patients receiving both car- 
bamazepine and valproate. Both car- 
bamazepine and valproate are highly 
bound to serum proteins.**! It seems 
possible that valproate could displace 
T4 from its binding sites on plasma 
proteins, and thereby lead to a larger 
amount of T4 liable to increased me- 
tabolism caused by the liver enzyme- 
inducing properties of carbamazepine. 

Basal serum thyrotropin was not in- 
creased in patients who were receiving 
carbamazepine, phenytoin, or a com- 
bination of these two drugs, despite 
the low serum levels of T4 and FT4. It 
is possible that the unchanged serum 
T3 levels are sufficient to inhibit in- 
creased secretion of thyrotropin. How- 
ever, an inhibitory effect of AEDs on 
the hypothalamic and/or anterior pi- 
tuitary level also seems probable. Be- 
cause the thyrotropin-releasing hor- 
mone-stimulated thyrotropin re- 
sponses were unaltered by these drugs 
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(except the response after 20 minutes 
in the phenytoin monotherapy group), 
a hypothalamic interference would 
seem more likely. The high levels of 
serum basal thyrotropin in patients 
receiving a combination therapy of 
carbamazepine plus valproate may be 
explained by the y-aminobutyric acid 
ergic properties of valproate,*?” since 
it is known that y-aminobutyric acid is 
inhibitory of somatostatin release, and 
sumatostatin inhibits thyrotropin 
secretion.“ 

Epileptic seizures can manifest in 
association with thyrotoxicosis, and 
T4 may induce status epilepticus.” It 
seems possible, therefore, that the 
lowering effect of AEDs on serum T4 
and FT4 levels might contribute to the 
anticonvulsive properties of these 
drugs. 

Patients who are receiving pheny- 
toin monotherapy, or who were receiv- 
ing a combination therapy with car- 
bamazepine plus phenytoin had high 
levels of serum testosterone and 
SHBG, but patients who were receiv- 
ing other therapeutic regimens did 
not. Serum free thyroxine levels were 
unchanged in every patient group, 
while FAI values were low in all pa- 
tient groups, except the one group that 
was receiving valproate monotherapy. 
The lowest FAI values were found in 
patients receiving a combination ther- 
apy of carbamazepine plus valproate. 
Serum testosterone levels have been 
found to be mostly normal in male pa- 
tients with epilepsy who were receiv- 
ing AED polytherapy,*°2** but ele- 
vated serum concentrations of tes- 
tosterone have also been found.’ A few 
reports exist on normal serum testos- 
terone levels during carbamazepine 
and valproate monotherapy,» and 
one report on a slightly increased se- 
rum testosterone level during pheny- 
toin monotherapy.’ Furthermore, 
high serum levels of SHBG have been 
found in male epilepsy patients receiv- 
ing phenytoin, carbamazepine, or AED 
polypharmacy.*”°?*4 In this study, the 
highest serum SHBG concentrations 
were found associated with phenytoin 
monotherapy. It seems possible that 
the high serum testosterone concen- 
trations in patients receiving pheny- 
toin medication are explained by these 
high SHBG levels. It appears reason- 
able to assume that the rise of serum 
SHBG concentrations is caused by in- 
creased synthesis due to liver enzyme 
induction by AEDs, as suggested 
before. >+” 

Previously low serum free testoster- 
one levels have been reported in male 
patients receiving a combination of 
various AEDs.’ Recently, an un- 


changed serum free testosterone level 
and decreased FAI were reported in 
male epileptic patients receiving car- 
bamazepine monotherapy.?** Calcu- 
lated free testosterone fraction has 
also been found decreased in male pa- 
tients on receiving carbamazepine 
monotherapy, while phenytoin or val- 
proate did not have a similar effect.” 
No previous data exists on serum free 
testosterone levels or FAI values in 
male epileptic patients receiving a 
combination of carbamazepine plus 
phenytoin, or carbamazepine plus val- 
proate. It is not yet clear whether the 
low FAI values have clinical signifi- 
cance in male patients receiving 
AEDs. The discrepancy between low 
FAI values and unchanged serum free 
testosterone concentrations may be 
explained by displacement of tes- 
tosterone from serum albumin by 
AEDs, as suggested before.” Tes- 
tosterone T binds with high affinity to 
SHBG, and loosely to albumin.” 

In the present study patients receiv- 
ing phenytoin and valproate mono- 
therapy had slightly higher levels of 
serum E2 than the control subjects, 
but patients receiving other therapeu- 
tic regimens did not. The significance 
of this finding is not clear. However, 
serum progesterone levels were unaf- 
fected in every patient group. 

Serum dehydroepiandrosterone sul- 
fate levels were low in patients receiv- 
ing carbamazepine or phenytoin 
monotherapy, or receiving a combina- 
tion of carbamazepine plus phenytoin, 
or carbamazepine plus valproate. The 
levels were lowest in patients receiving 
phenytoin monotherapy, and un- 
changed in patients receiving val- 
proate monotherapy. The low serum 
levels of dehydroepiandrosterone sul- 
fate in male epileptic patients on re- 
ceiving carbamazepine, phenytoin, or 
both of these drugs confirm earlier 
findings.™2444850 Previous reports on 
serum dehydroepiandrosterone sul- 
fate concentrations in patients receiv- 
ing a combination of carbamazepine 
plus valproate are lacking. Since, in 
the present study, all therapeutic reg- 
imens, including liver enzyme-induc- 
ing drugs, carbamazepine and/or 
phenytoin, were associated with low 
serum levels of dehydroepiandroster- 
one sulfate, while serum dehydroepi- 
androsterone sulfate concentrations 
were unchanged in patients receiving 
valproate monotherapy, it seems likely 
that increased metabolism of dehy- 
droepiandrosterone sulfate is the main 
reason for the decreased serum dehy- 
droepiandrosterone sulfate levels that 
were found. 

Serum basal prolactin concentra- 
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tions were low in patients receiving 
phenytoin monotherapy, but other 
therapeutic regimens were associated 
with unchanged serum basal prolactin 
concentrations. However, the prolac- 
tin responses to thyrotropin-releasing 
hormone were slightly higher in pa- 
tients receiving carbamazepine, phe- 
nytoin, or the combination of these two 
drugs, but prolactin responses to me- 
toclopramide were higher in patients 
receiving phenytoin, a combination of 
carbamazepine plus phenytoin, or car- 
bamazepine plus valproate. Slightly 
higher or unchanged prolactin re- 
sponses to thyrotropin-releasing hor- 
mone and metaclopramide have been 
reported in patients receiving carba- 
mazepine, phenytoin, valproate, or 
AED polypharmacy.'*?*** The reports 
on serum basal prolactin levels in male 
epileptic patients treated with car- 
bamazepine, phenytoin, or valproate 
are conflicting, but the levels have 
mostly been normal.'*'*?374° 

All therapeutic regimens except car- 
bamazepine monotherapy were asso- 
ciated with low basal serum luteiniz- 
ing hormone levels. Previously high 
serum luteinizing hormone levels have 
been reported in association with AED 
polytherapy.’*** The luteinizing hor- 
mone serum levels in male patients 
with epilepsy receiving carbamaz- 
epine, phenytoin, or valproate mono- 
therapy reported so far have been 
mostly normal,'*?** though a high 
basal luteinizing hormone serum level 
has also been found in association with 
carbamazepine and phenytoin” 
monotherapy. Moreover, a low basal 
luteinizing hormone level has been ob- 
served in male patients receiving phe- 
nobarbital monotherapy,” and amen- 
orrhea following initiation of therapy 
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with valproate in female patients with 
epilepsy, it being assumed that this 
was caused by interference of val- 
proate at the level of the HPA.” It is 
known that epileptic seizures can in- 
crease pituitary secretion of luteiniz- 


- ing hormones“ and that a long history 


of seizures of temporal lobe origin may 
be associated with changes in the func- 
tion of HPA." Therefore, it may be 
assumed that the high serum levels of 
luteinizing hormone reported earlier 
in patients receiving AED polytherapy 
could be explained by effects of epi- 
lepsy per se, because it seems that the 
patients studied in many instances 
were institutionalized and suffered 
from severe epilepsy with frequently 
occurring seizures for many years. The 
patients in the present study had 
mostly well-controlled epilepsy. 

It has been previously suggested 
that the high serum luteinizing hor- 
mone levels in male epileptic patients 
are caused by a feedback mechanism 
due to low serum free testosterone 
levels.* However, the results of the 
present study indicating low basal se- 
rum luteinizing hormone levels in 
most patient groups suggest a direct 
effect of AEDs on the function of HPA. 
Because luteinizing hormone re- 
sponses to luteinizing hormone- 
releasing hormone are unaffected or 
slightly elevated, a hypothalamic 
rather than pituitary interference by 
these drugs seems likely. It has also 
been suggested that y-aminobutyric 
acid-containing neurons may be in- 
volved in the regulation of gonadotro- 
pin secretion.” This could explain the 
mechanism through which valproate 
has effects on serum luteinizing hor- 
mone concentrations. The regulation 
of gonadotropin secretion is complex, 
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NIMOTOP modulates calcium influx to promote cerebral perfusion, 
and may directly protect neurons?” 


“(In animals] The beneficial cytoprotective effect of nimodipine, probably related to normalization 
of calcium homeostasis and blood-brain barrier permeability after ischemia, may reflect both 
vascular and cellular sites of action. ”® 

Lazarewicz JW, et al. Stroke 1989. 


“(In humans] The data thus suggest that nimodipine neither prevents nor reverses cerebral 
vasospasm. Calcium channel blockers such as nimodipine may have an effect on cerebral arterioles 
that are below the limits of resolution of angiography. .. .”! 

Pickard JD, et al. Br Med J 1989. 
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BRIEF SUMMARY 
NIMOTOP® (nimodipine/Miles) CAPSULES 
For Oral Use 


INDICATIONS AND USAGE 

Nimotop® (nimodipine) is indicated for the improvement of neurological deficits due to spasm 
following subarachnoid hemorrhage from ruptured congenital intracranial aneurysms in patients 
who are in good neurological condition postictus (e.g. Hunt and Hess Grades I-III). Oral 
lagi therapy should begin within 96 hours of the subarachnoid hemorrhage and continue 
or 21 days. 


CONTRAINDICATIONS 


None known. 


PRECAUTIONS 

General: Blood Pressure: Nimodipine has the hemodynamic effects expected of a calcium 
channel blocker, although they are generally not marked. In patients with subarachnoid hemor- 
rhage given Nimotop® in clinical studies, about 5% were reported to have had lowering of the 
blood pressure and about 1% left the study because of this (not all could be attributed to 
nimodipine). Nevertheless, blood pressure should be carefully monitored during treatment with 
Nimotop® based on its known pharmacology and the known effects of calcium channel blockers. 

Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic 
function. Such patients should have their blood pressure and pulse rate monitored closely and 
should be given a lower dose (see Dosage and Administration). 

Laboratory Test Interactions: None known. 

Drug Interaction: It is possible that the cardiovascular action of other calcium channel 
blockers could be enhanced by the addition of Nimotop®. 

In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive 
compounds taken concomitantly by patients suffering from hypertension: this phenomenon was 
not observed in North American clinical trials. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: In a two-year study, higher incidences 
of adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were observed in rats 
given a diet containing 1800 ppm nimodipine (equivalent to 91 to 12! mg/kg/day nimodipine) 
than in placebo controls. The differences were not statistically significant; however, the higher 
rates were well within historical control range for these tumors in the Wistar strain. Nimodipine 
was found not to be carcinogenic in a 91-week mouse study but the high dose of 1800 ppm 
nimodipine-in-feed (546 to 774 mg/kg/day) shortened the life expectancy of the animals. 
Mutagenic studies, including the Ames, micronucleus and dominant lethal tests were negative. 

Nimodipine did not impair the fertility and general reproductive performance of male and 
female Wistar rats following oral doses of up to 30 malice when administered daily for more 
than 10 weeks in the males and 3 weeks in the females prior to mating and continued to day 7 of 
pregnancy. This dose in a rat is about 4 times the equivalent clinical dose of 60 mg q4h in a 50 kg 
patient. 

Pregnancy: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect 
in Himalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral (by 
gavage) doses of 1 and 10 mg/kg/day administered from day 6 through day 18 of pregnancy but not 
at 3.0 mg/kg/day in one of two identical rabbit studies. In the second study an increased incidence 
of stunted fetuses was seen at 1.0 mg/kg/day but not at higher doses. Nimodipine was embryo- 
toxic, Causing resorption and stunted growth of fetuses, in Long Evans rats at 100 mg/kg/day 
administered by gavage from day 6 through day 15 of pregnancy. In two other rat studies, doses of 
30 mg/kg/day nimodipine administered by gavage from day 16 of gestation and continued until 
sacrifice (day 20 of pregnancy or day 21 post partum) were associated with higher incidences of 
skeletal variation, stunted fetuses and stillbirths but no malformations. There are no adequate 
and well controlled studies in pregnant women to directly assess the effect on human fetuses. 
Nimodipine should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 

Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk 
at concentrations much higher than in maternal plasma. It is not known whether the drug is 
excreted in human milk. Because many drugs are excreted in human milk, nursing mothers are 
advised not to breast feed their babies when taking the drug. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorrhage 
(11.2%) who were given nimodipine. The most frequently reported adverse experience was 
decreased blood pressure in 4.4% of these patients. Twenty-nine of 479 (6.1%) placebo treated 
patients also reported adverse experiences. The events reported with a frequency greater than 1% 


are displayed below by dose. 
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DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30mg 60 mg 90 mg 120 mg 

Sign/Symptom (n=82) (n=71) (n=494) (n=172) (n=4) (n= 479) 
Decreased 

Blood Pressure 1 (1.2) 0 19 (3.8) 14(8.1) 2 (50.0) 6 (1.2) 
Abnormal Liver 

Function Test 1 (1.2) 0 2 (0.4) 1(0.6) 0 7 (1.5) 
Edema 0 0 2 (0.4) 2(1.2) O 3 (0.6) 
Diarrhea 0 3 (4.2) 0 tli) O 3 (0.6) 
Rash 2 (2.4) 0 3 (0.6) 2(1.2) 0 3 (0.6) 
Headache 0 1 (1.4) 6 (1.2) 0 0 1 (0.2) 
Gastrointestinal 

Symptoms 2 (2.4) 0 0 2 (1.2 0 0 
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DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30mg 60 mg 90 mg 120 mg 

Sign/Symptom (n=82) (n=71) (n=494) (n=172) (n=4) (n= 479) 
Nausea 1 (1.2) 1 (1.4) 6 (1.2) 1(0.6) 0 0 
Dyspnea 1 (1.2) 0 0 0 0 
EKG 

Abnormalities 0 1 (1.4) 0 1(0.6) 0 0 
Tachycardia 0 1 (1.4) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1(0.6) O 0 
Muscle Pain/Cramp 0 1 (1.4) 1 (0.2) 1(0.6) O 0 
Acne 0 1 (1.4) 0 0 0 0 
Depression 0 1 (1.4) 0 0 0 0 


There were no other adverse experiences reported by the patients who were given 0.35 mg/kg 
qth, 30 mg g4h or 120 mg q4h. Adverse experiences with an incidence rate of less than 1% in the 
60 mg qth dose group were: hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia; 
anemia; palpitations; vomiting; flushing; diaphoresis; wheezing; phenytoin toxicity; lighthea- 
dedness; dizziness; rebound vasospasm; jaundice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 1% in the 90 mg q4h dose group were: 
itching; gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting; 
diaphoresis; congestive heart failure; hyponatremia; decreasing platelet count; disseminated 
intravascular coagulation; deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on 
increased incidence with higher dose or a higher rate compared to placebo control, included 
decreased blood pressure, edema and headaches which are known pharmacologic actions of 
calcium channel blockers. It must be noted, however, that SAH is frequently accompanied by 
alterations in consciousness which lead to an under reporting of adverse experiences. Patients 
who received nimodipine in clinical trials for other indications reported flushing (2.1%), 
headache (4.1%) and fluid retention (0. 3%), typical responses to calcium channel blockers. Asa 
calcium channel blocker, nimodipine may have the potential to exacerbate heart failure in 
susceptible patients or to interfere with A-V conduction, but these events were not observed. 

No clinically significant effects on hematologic factors, renal or hepatic function or carbohy- 
drate metabolism have been causally associated with oral nimodipine. Isolated cases of non-fast- 
ing elevated serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet counts 
(0.3%), elevated alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.2%) have been 
reported rarely. 


OVERDOSAGE 

There have been no reports of overdosage from the oral administration of Nimotop®. Symp- 
toms of overdosage would be expected to be related to cardiovascular effects such as excessive 
peripheral vasodilation with marked systemic hypotension. Clinically significant hypotension 
due to Nimotop® overdosage may require active cardiovascular support. Norepinephrine or 
dopamine may be helpful in restoring blood pressure. Since Nimotop® is highly protein-bound, 
dialysis is not likely to be of benefit. 
DOSAGE AND ADMINISTRATION 

Nimotop® is given orally in the form of ivory colored, soft gelatin 30 mg capsules for subarach- 
noid hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days. Oral 
Nimotop® therapy should commence within 96 hours of the subarachnoid hemorrhage. 

If the capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is unconscious, 
a hole should be made in both ends of the capsule with an 18 gauge needle, and the contents of the 
capsule extracted into a syringe. The contents should then be emptied into the patient's in situ 
naso-gastric tube and washed down the tube with 30 mL of normal saline (0.9%). 

Patients with hepatic failure have substantially reduced clearance and approximately doubled 
Cmax Dosage should be reduced to 30 mg every 4 hours, with close monitoring of blood pressure 
and heart rate. 
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* The Clinical Differentiation of Seizures Arising 
in the Parasagittal and 
Anterolaterodorsal Frontal Convexities 


L. F. Quesney, MD, PhD; M. Constain, MD; D. R. Fish, MBBS, MRCP; T. Rasmussen, MD, FRCPC 


è The ictal clinical manifestations of 40 
patients with frontal lobe epilepsy who 
became and remained seizure free after 
selective removal of the parasagittal or 
anterolaterodorsal convexities were stud- 
ied. Seizures arising from the parasagittal 
region were characterized by a high inci- 
dence of somatosensory auras (60%) and 
by tonic and/or clonic motor behavior 
(100%) and never exhibited automatisms. 
Conversely, the anterolaterodorsal con- 
vexity group never showed somatosen- 
sory auras but often had warnings more 
typical of temporal lobe seizures, only dis- 
played partial motor seizure activity in half 


_ the cases, and included a relatively high 


incidence of automatisms (30%). These 
clinical differences may be useful in the 
localization of frontal lobe epileptogenic 
foci. The manifestations of anterolatero- 


“y dorsal convexity seizures may reflect 


frequent spread to the temporal lobe, 
whereas parasagittal convexity seizures 
often show initial ictal behavior, in keeping 
with seizure activity in that region. Early 
ictal unilateral head turning without other 
motor manifestations was seen in 3 of 10 
patients in the parasagittal convexity 
group and in 9 of 30 patients in the an- 
terolaterodorsal convexity group. In 11 of 
these 12 cases, the head turning was con- 
tralateral to the surgical removal. 

(Arch Neurol. 1990;47:677-679) 


ince early descriptions, the complex- 

ity and variety of clinical seizure 
patterns in frontal lobe epilepsy, as 
well as the difficulty in obtaining reli- 
able localization by means of interic- 
tal or ictal electroencephalographic 
(EEG) recordings, have been well 
recognized.'"!! 

Three main factors have interfered 
with a proper anatomical compart- 
mentalization of frontal lobe seizures. 
First, focal electrographic seizures 
may arise in clinically silent areas, 
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producing ictal behavioral symptoma- 
tology only after seizure spread to 
neighboring frontal, or perhaps even 
temporal, lobe structures.'*'*"* For ex- 
ample, rapid propagation outside the 
frontal lobe could occur along prefer- 
ential pathways such as the uncinate 
fasciculus and the cingulum, which 
link the anterolaterodorsal convexity 
(ALDC) to the temporal lobe. Second, 
seizures may originate in areas of the 
frontal lobe that are inaccessible to 
recording with scalp electrodes. Fre- 
quently, the clinical manifestations of 
these seizures are not correlated with 
ictal EEG changes, or the EEG shows 
widespread seizure discharges, defy- 
ing an adequate localization or later- 
alization at the onset.®!'!> This situa- 
tion is commonly encountered in sei- 
zures arising from the orbitofrontal 
region, the cingular cortex, or the in- 
terhemispheric convexity. Third, the 
extent of epileptogenic tissue in fron- 
tal lobe epilepsy may be large, involv- 
ing different frontal gyri, even bilat- 
erally, as well as other lobar com- 
partments.*?* 

Despite the increasing use of com- 
bined clinical observations or video 
monitoring with intracranial or in- 
tracerebral depth electrode studies in 
patients with partial seizures who are 
surgical candidates, reports detailing 
the use of these methods in frontal lobe 
epilepsy are scarce. Commonly, they 
involve a limited sample of patients, 
which is often insufficient to delineate 
the clinical features of seizures involv- 
ing different regions of the frontal 
lobe.!516-26 

Reliable proof of a frontal lobe ori- 
gin of the ictal behavioral manifesta- 
tions is available from the relatively 
small number of patients with epilepsy 
who became and remained seizure free 
after frontal lobe surgery.” However, 
a previous study using this method 
failed to determine clinical features 
that may be of localizing value,” prob- 
ably because specific comparisons were 
not made between different frontal 
lobe anatomical compartments. 


The preferential pathways linking 
the ALDC of the frontal lobe with the 
temporal lobe!?'*!°8 provide an ideal 
vehicle for seizure spread, raising the 
possibility that this area could produce 
seizures with clinical manifestations 
that are different from those arising in 
the anteromedial dorsal convexity 
(parasagittal [PS] region). If this dif- 
ference could be identified, it might be 
useful in the clinical localization of 
patients with frontal lobe epilepsy, as 
well as in the understanding of seizure 
spread. 

In the present study, we compared 


the clinical manifestations of patients | 


with frontal lobe epilepsy who became 
seizure free after limited resections of 
the PS convexity (PSC) and the ALDC. 


PATIENTS AND METHODS 


This study was performed on a sample of 
40 patients with frontal lobe epilepsy who 
became and remained seizure free after a 
selective surgical removal of the PSC or the 
ALDC. The patients’ mean age was 24.6 
years (range, 11 to 44 years). There were 28 
males and 12 females. The mean interval 
between seizure onset and surgery was 8.5 
years (range, 5 months to 32 years). The 
follow-up duration was 2 to 46 years. Con- 
vincing EEG evidence of a frontal lobe ep- 
ileptic disturbance was obtained by means 
of interictal or ictal recordings in 34 pa- 
tients. There were 10 patients in the PSC 
group and 30 patients in the ALDC group. 

A careful review of all pertinent clinical 
and laboratory data obtained during one or 
multiple admissions was performed for 
each patient, placing particular emphasis 
on the description of the clinical seizure 
pattern according to the patient and/or 
those witnessed by nurses, doctors, rela- 
tives, and EEG technologists. A consider- 
able number of spontaneous seizures wit- 
nessed by trained hospital staff were in- 
cluded in the data submitted for analysis. 
The following clinical features were stud- 
ied: the presence and type of aura, partial 
motor seizure behavior, arrest of activity, 
aphasia, head turning, and automatisms. 


RESULTS 


Twenty-four patients included in 
this study had a well-defined aura 
(Table 1). Nine of these were in the 
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Table 1.—The Frequencies of 
Different Clinical Features in the 
Parasagittal Convexity (PSC) and the 
Anterolaterodorsal Convexity 
(ALDC) Groups 












PSC 
9/10 





Aura 15/30 






Partial motor seizure 8/10 15/30 
Motor arrest 2/10 6/30 
Aphasia 3/10 6/30 
Automatism 0/10 9/30 






Unilateral head turning 3/10 9/30 





Table 2.—The Number of Patients 
With Each Type of Aura in the 
Parasagittal Convexity (PSC) and the 
Anterolaterodorsal Convexity 
(ALDC) Groups 


Type of Aura 


Somatosensory 
Auditory 
Cephalic 

Dizzy 

Epigastric 

Fear 

Visual 

Other 

Total 


OOOO0OO0OON-=0 
QeEMO=AWWNHOO 


— 





PSC group, and 15 in the ALDC group. 
The nature of the aura, when present, 
was clearly different in the two groups. 
Six of the nine auras in the PSC group 
were somatosensory, usually involving 
the contralateral aspect of the head, 
arm, or leg, whereas none of the 15 au- 
ras in the ALDC group were of this 
type (P < .001, Fischer’s Exact Test). 
In the latter group, the auras were 
more variable and complex, and in- 
cluded those often reported by patients 
with temporal lobe epilepsy, such as 
ill-defined epigastric sensations (Ta- 
ble 2). 

Partial motor seizures occurred in 8 
of the 10 patients in the PSC group; in 
the other 2, focal motor seizures pre- 
ceded secondary generalization. Con- 
versely, only half of the ALDC group 
had partial motor seizures. Partial 
motor seizures were classified as tonic, 
clonic, postural, or of the supplemen- 
tary motor type with contralateral 
head turning and upper limb elevation 
(Table 3). The proportion of patients in 
each of these categories was greater in 
the PSC than the ALDC group. In both 
groups, partial clonic movements were 
exclusively contralateral to the side of 
surgical removal. The clinical presen- 
tation of partial motor postural sei- 
zures was complex and varied, includ- 
ing unilateral or bilateral extension or 
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Table 3.—The Number of Patients With Each Type of Motor Seizure in the Parasagittal 
Convexity (PSC) and the Anterolaterodorsal Convexity (ALDC) Groups 


No. of 
Patients 
10 
30 





Table 4.—The Types of Automatisms 
in the Anterolaterodorsal 
Convexity Group 


No. of 


Automatism Patients 
Orofacial (sniff, chew, 


or swallow) 


Plucking at objects 
Grimacing 

Kicking 

Other movements 


flexion of limbs, in association with 
trunk rotation and head turning. 

Sudden arrest of activity was found 
in 20% of both the PSC and ALDC 
groups, without distinguishing compo- 
nents. Similarly, speech arrest was 
found in 20% of the ALDC group and 
in 30% of the PSC group. 

Karly ictal unilateral head turning 
without other motor manifestations 
was seen in 3 of 10 patients in the PSC 
group and in 9 of 30 patients in the 
ALDC group. In 11 of 12 cases, the head 
turning was contralateral to the sur- 
gical removal (P < .01, binomial test). 

Although the incidence of head 
turning in the PSC and ALDC groups 
was the same, there was a qualitative 
difference in regard to conscious vs 
unconscious head turning. All patients 
in the PSC group presenting with uni- 
lateral ictal head turning reported be- 
ing aware of the head version. Con- 
versely, a history of conscious head 
turning was obtained in less than one 
third of patients in the ALDC group. 

Automatic behavior had a rather 
high incidence in the ALDC group (9 of 
30, or 30% ), but was completely absent 
in the PSC group (Table 1). The nature 
of the automatisms were usually of the 
types found in patients with temporal 
lobe seizures, including orofacial be- 
havior (Table 4). The excess of ictal 
automatism in the ALDC group was 
of borderline statistical significance 
(P = .06, Fischer’s Exact Test), reflect- 
ing the small number of patients avail- 
able for analysis. 


COMMENT 


The present study identified the clin- 
ical features that differentiate sei- 
zures arising in the PSC and the ALDC 
of the frontal lobe. This information 


Clonic 





Supplementary 
Postural Motor Pattern 


6 3 2 


11 4 1 


may be useful in the preoperative lo- 
calization of epileptogenic foci within 
the frontal lobe. Parasagittal convex- 
ity seizures were characterized by a 
high incidence of somatosensory au- 
ras, always included ictal tonic or 
clonic motor behavior, and were never 
associated with automatisms. Con- 
versely, ALDC seizures showed a high 
incidence of complex auras, including 
those of the type often seen in tempo- 
ral lobe epilepsy, but they never com- 
menced with somatosensory warnings, 
they had partial motor seizure activity 
in only 50% of cases, and they showed 
a relatively high incidence of automa- 
tisms (Table 5). 

Although automatisms have been 
documented in patients with orbi- 
tofrontal and cingulate seizures,!*° 
this clinical behavior is most com- 
monly observed as a result of temporal 
lobe seizures.** The high incidence of 
temporal lobe-type auras and autom- 
atisms in the ALDC group may reflect 
spread to the temporal lobe, possibly 
via the uncinate fasciculus and/or the 
cingulum. 81214.28 

While both groups showed a similar 
incidence of early ictal head turning, 
there was a distinctive qualitative dif- 
ference. Head turning was conscious in 
all three cases in the PSC group, and it 
was usually unconscious in the ALDC 
group. Interestingly, the side of the 
head turning was contralateral to the 
epileptic focus in 11 of 12 cases. 

Ictal head-eye turning has been clas- 
sically considered as indicative of sei- 
zure onset within the frontal lobe con- 
tralateral to the side of head turning. 
Evidence for this diagnostic assump- 
tion derives from the observation that 
head turning is one of the most fre- 
quent ictal motor manifestations in 
frontal lobe seizures,'*”3’ and is fur- 
ther supported by the classic observa- 
tion that electrical stimulation of the 
frontal intermediate cortex in man 
produces head turning and conjugated 
eye deviation, which is usually con- 
tralateral to the side of stimulation.2°! 
However, ipsilateral eye deviation, oc- 
casionally associated with head turn- 
ing, occurs when the precentral region 
of the frontal lobe is stimulated.” Con- 
scious head turning, usually occurring 
as an initial ictal manifestation, ac- 
counts for as much as 30% of head 
turnings in seizures of frontal lobe 
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Table 5.—The Important Clinical Distinctions Between Parasagittal Convexity (PSC) 
and Anterolaterodorsal (ALDC) Frontal Lobe Seizures * 


Automatisms 0 _ 


*Double plus sign indicates very common; zero, absent; plus-minus sign, rare; plus sign, frequent. 


origin,?*? and the direction of head 
turning is usually contralateral to the 
epileptic focus. The most likely ana- 
tomical structures responsible for con- 
scious head turning are the intermedi- 
ate frontal cortex and the supplemen- 
tary motor area. The incidence of 
head turning in frontal lobe seizures 
associated with loss of consciousness is 
significantly higher, accounting for as 
much as two thirds of frontal lobe ic- 
tal head turnings.'***? Head turning, 
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usually following loss of conscious- 
ness, is also commonly observed in 
complex partial seizures arising in the 
temporal, parietal, central, and occip- 
ital lobes, probably as a result of sei- 
zure spread to the ipsilateral or con- 
tralateral frontal lobes??? or to 
subcortical structures. The practice 
of long-term EEG-video monitoring in 
the preoperative investigation of pa- 
tients with poorly controlled complex 
partial seizures has rekindled an in- 
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The Finger-Tapping Test 


A Quantitative Analysis 


Ichiro Shimoyama, MD; Toshiaki Ninchoji, MD; Kenichi Uemura, MS, MD 


èe A quantitative analysis of the so- 
called finger-tapping test was performed 
on 111 normal subjects. Quantitative anal- 
ysis was also performed on 17 patients 
with cerebellar diseases, 14 with parkin- 
sonism, and 14 with hemiparesis. All anal- 
yses were performed in a simple fashion 
using an 8-bit microcomputer fed through 
an electrocardiographic apparatus. The 
results in normal subjects were as follows: 
(1) tapping frequency lowered with ad- 
vancing age; (2) men tapped faster than 


"3 Thre determination of the regularity 
ag ; - : 
of successive rapid alternating 
movements has been a standard mea- 
sure to evaluate clinically one aspect of 
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women; and (3) tapping with the dominant 
finger was faster than tapping with the 
nondominant finger in normal subjects. 
Tapping frequency can distinguish pa- 
tients with motor dysfunctions of cerebel- 
lar, basal ganglia, and cerebral origins 
from normal subjects. Only the time-se- 
quential histograms of tapping intervals 
could distinguish the motor dysfunctions 
studied. 
(Arch Neurol. 1990;47:681-684) 


motor functions. Disturbed rapid al- 
ternating movements have been be- 
lieved to be a sign of cerebellar dys- 
function since Wertham! introduced 
the term arrhythmokinesis. However, 
arrhythmokinesis has also been ob- 
served in motor diseases other than 
cerebellar ones.2* Many similar, but 
different, clinical examinations, such 
as rapid opposition of the index finger 
to the thumb** or quickly tapping on a 





table! or a key with an index finger,’ 
have been introduced. Unfortunately, 
these tests have been evaluated only 
clinically. 

This work was undertaken to quan- 
tify the results of the tapping test so as 
to express these results in a more ob- 
jective manner and to avoid the prob- 
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Fig 1.—Age distribution of normal subjects. 


Table 2.—Mean (+SD) of Tapping Frequency, SDs, and CVs 


Table 1.—Profiles of Subjects * 


Affected Distri- 
Age, Side bution, Manifestation 
y No. R/No.L M/F or Pathology 








111 13-78 + 66/45 No neurological deficit 
17 39-75 6/11 12/5 15 intracerebellar 
hemorrhages; 
2 acoustic neurinomas 
4 Yahr's stage Il; 
8 Yahr's stage Ill; 


14 54-75 5/6 


2 Yahr's stage IV 


9 cerebrovascular 
diseases; 3 cryptic 
intracerebral 
hemorrhages; 2 brain 
tumors 


14 49-77 8/6 10/4 


* Groups are indicated as follows; N, normal subjects; C, dysmetric patients with 
cerebellar diseases; P, parkinsonian patients; and H, hemiparetic patients with 
cerebral lesions. 
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of Tapping Intervals * 


SDs of Tapping CVs of Tapping 
Intervals, ms intervals, ms 


Tapping 

Groups N Frequency, Hz 
N 

Right (111) 5.62 (+0.95) 


Left (111) 5.24 (+0.91) 


8.91 (+5.38) 
11.52 (+5.46) 


15.74 (+ 9.73) 
22.04 (+ 10.76) 


14.10 (+ 12.07) 
33.61 (+ 26.77) 


4.02 (+0.71) 
3.74 (+ 1.16) 


34.77 (+27.57) 
116.75 (+ 126.87) 


21.49 (+ 22.82) 
11.71 (+6.28) 


3.33 (+ 1.68) 
3.91 (+ 1.06) 


70.63 (+ 58.72) 
37.39 (+38.07) 


3.59 (+1.27) 21.90 (+ 10.25) 6.89 (+ 1.42) 
3.35 (+ 1,10) 28.98 (+ 9.31) 9.50 (= 4.01) 


* Groups are indicated as follows: N, normal subjects; C, dysmetric patients with 
cerebellar diseases; P, parkinsonian patients; and H, hemiparetic patients with 
cerebral lesions. Right indicates right-handed trials; left, left-handed trials. CVs in- 
dicates coefficients of variation. 
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Fig 2.—Relationship between age and frequency (upper graph) and between age and SD (lower 
graph) of normal subjects tapping with a finger on the right hand. Ordinate indicates tapping fre- 
quency (upper graph) and SD of the intervals (lower graph). The abscissa indicates age. 


Table 3.—t Values of Males vs Females in the Group of Normal Subjects * 


Mean 
Tapping SDs of CVs of Tapping 
Frequency, Hzt Intervals, ms Intervals, ms 





Right-handed 66/45 3.27 —0.34 (NS) 0.43 (NS) 


Left-handed 66/45 3.31 —0.05 (NS) 0.88 (NS) 
* 


df = 109. NS indicates P value not significant. 
tP < .0001. 


Table 4.—t Values of Right- vs Left-Handed Finger-Tapping of Normal Subjects * 


Mean Tapping SDs of Tapping CVs of Tapping 
Group Frequency, Hz 


—3.83§ 
Females —2.58t —1.9 (NS) 
* df = 109. NS indicates P value not significant. 
tP < OT. 


$#P < .05. 
§P < .001. 
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lem of subjective evaluations by dif- 
ferent examiners and the problem of 
subjective examinations of different 
examinees. 


SUBJECTS AND METHODS 


Our method has been described in detail 
elsewhere.’ The electrical switch of a con- 
ventional electrocardiogram was connected 
through an antichattering circuit to an 
8-bit parallel input/onput device and an 8- 
bit microcomputer (MZ-80B, Sharp Corp, 
Osaka, Japan). A subject sitting on a chair 
was instructed to tap the key successively 
for 15 seconds with his or her index finger 
as rapidly as possible. The computer almost 
instantaneously detected the tapping fre- 
quency, expressed in hertz, and tapping in- 
tervals, expressed in milliseconds, as well 
as their means, SDs, and coefficients of 
variation (CVs). The time-sequential histo- 
gram of the tapping frequency could also be 
displayed on the microcomputer’s cathode 
ray tube. One trial of this examination took 
only a few minutes to finish. 

A few normal subjects who were left- 
handed were examined with the modified 
Edinburgh inventory, but, in the data anal- 
ysis and in the illustrations and tables for 
this article, the right hand was considered 
the side of handedness. Data from the same 
side were compared. 

Our study consisted of two parts. Part 1 
included the study of 111 normal subjects 
(group N), without any neurological deficits 
or history of neurological disorders of any 
kind, in an attempt to standardize the 
obtained quantitative results. Age, gender, 
and handedness were the factors to be an- - 
alyzed in part 1. Part 2 included an investi- 
gation to determine if quantitative results 
could characterize abnormal subjects with 
cerebellar diseases (group C), parkinsonism 
(group P), or hemiparesis due to cerebral 
disorders (group H). The above-mentioned 
parameters were compared between nor- 
mal and abnormal groups and among 
groups. 


RESULTS 


Group N consisted of 111 normal 
subjects, whose age distribution is 
shown in Fig 1 (mean age, 42.3 years; 
SD = 16.3). Clinical profiles of the ab- 
normal groups are shown in Table 1. 
The means, SDs, and CVs of all of the 
groups are listed in Table 2. 


Part 1 of the Study 


As in Fig 2, age was a significant 
factor in evaluating the tapping fre- 
quency, although age did not affect the 
SD. Gender was another factor to be 
considered, as male subjects could tap 
significantly faster than could female 
subjects with the index finger of either 
hand (Table 3). Handedness is still an- 
other factor to be considered. Tapping 
with the index finger on the dominant 
side (ie, the right side) was faster than 
tapping with the index finger on the 


Finger-Tapping Test— Shimoyama et al 


9 9 
8 8 
7 4 
6 6 
5 5 j 
4 4 
3 3 
2 2 
1 1 
O 0 


O 100 200 300 400 500 O 


100 200 300 400 500 Fig 3.—Relationship between tapping fre- l 


quency and SDs of intervals of normal subjects | 
(group N), dysmetric patients with cerebellar A 
diseases (group C), parkinsonian patients : 
(group P), and patients with hemiparesis of 
cerebral origin (group H). 


Frequency per Second 


X, Right Hand | 


©. Left Hand i 





O- NOUA ANONA O 
O- NOUA M0QNOGOO 


100 200 300 400 500 0 100 200 300 400 500 


SD, ms a 
i 



















ganglia such as parkinsonism.’**’ So 5 
far, clinical observations have not been 
able to clarify this problem. 

If Holmesi and Wertham' were 
right, it would not be expected that the 
SDs or CVs of the tapping frequency in 
group C were as large as in groups P or 


Table 5.—Significance Matrices of Finger Tapping Among Respective Groups 
(Mann-Whitney U test)* 


Groups Affected on the Right Side Groups Affected on the Left Side 









Frequency 


Group N 0.001 0.001 0.001 0.001 0.002 0.001 H (Table 2 and Fig 3). Group C could 
are ae ele! “A wn a on not be distinguished from the remain- 
Group P B 0.954 0.283 : b Lerouns by-anv of the pa- 
SDs of tapping interval n AONE eae p y y p 
Group N 0.004 0.001 0.055 0.001 0.202 0.078 rameters adopted in our study, such as 
Group C 0.283 0.401 0.033 0.027 the tapping frequency and the SDs or 
Group P 0056 0.432 CVs of the tapping intervals, although 
CVs of tapping intervals these distinguished group N from the 
Group N 0.150 0.116 0.429 0.001 0.959 0.341 remaining abnormal groups. 
Group C 0.943 0.028 0.016 0.006 The time-sequential histogram (Fig 
Group P 0.073 0.520 4), however, characterized each abnor- 





mal group. In group C, the tapping in- 
terval was less uniform, although in 
group P a uniform but prolonged in- 
terval was observed at the beginning of 


* Groups are indicated as follows: N, normal subjects; C, dysmetric patients with cerebellar diseases; P, par- 
kinsonian patients; and H, hemiparetic patients with cerebral lesions. 


nondominant side (ie, the left side) 


(Tables 2 and 4). 
Part 2 of the Study 


Tapping frequency distinguished 
group N from the abnormal groups 
(Fig 3 and Table 5), but it could not 
distinguish one abnormal group from 
another (Table 5). The SDs or CVs of 
the tapping intervals could not distin- 
guish one abnormal group from any of 
the others. (Table 5). However, the 
time-sequential histogram could dis- 
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tinguish one abnormal group from an- 
other (Fig 4). 


COMMENT 


Holmes‘ stated that patients with 
cerebellar diseases, if tested by the 
“finger-thumb test,” would manifest 
slower, more irregular, and less- 
uniform movements. Similarly, Wert- 
ham! claimed that arrhythmokinesis 
had been observed in cerebellar dis- 
eases, and that arrhythmokinesis had 
been observed in diseases of the basal 


the test. A prolonged tapping interval 
was observed in group H. These results 
might support the hypothesis that 
rhythm formation is disturbed among 
subjects in group C. Rhythm forma- 
tion seemed disturbed at the beginning 
of the test among subjects in group P. 
These results possibly indicate that 
the analysis reflects motor dysfunc- 
tions originating in either the basal 
ganglia or the cerebrum. At the same 
time, the results could reflect motor 
dysfunctions due to rigidity, spastici- 
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Fig 4.—Typical time sequential histograms of tapping intervals for normal subject, dysmetric pa- 
tient after cerebellar hemorrhage, parkinsonian patient, and hemiparetic patient with cerebral in- 


farction. 


ty, weakness, or any combination 
thereof. 

In conclusion, quantitative analysis 
of the tapping test may provide some 
insight into motor disorders and the 
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kinsonism. Basel, Switzerland: Hoffmann-La 
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3. Nakamura R, Nagasaki H, Narabayashi H. 
Disturbances of rhythm formation in patients 
with Parkinson’s disease, I: characteristics of 
tapping response to the periodic signals. Percept 
Mot Skills. 1987;46:63-75. 
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significance of the test. Moreover, this 
kind of analysis will yield information 
as to what extent age, gender, and 
handedness may affect motor func- 
tions in normal subjects. 
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has that needle 
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dissection skills to become 
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applications of power 
instrumentation; and 
participation in problem 
solving, care and proper 
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The Influence of Age at Time of Spinal Cord 
Injury on Rehabilitation Outcome 


Michael J. DeVivo, DrPH; Paula L. Kartus, MPH; 
Richard D. Rutt; Samuel L. Stover, MD; Philip R. Fine, PhD 


è The purpose of this study was to 
compare the experiences of older and 
younger patients with spinal cord injury. 
Data from 866 patients hospitalized be- 
tween 1973 and 1985 were analyzed by 
age at injury. Outcomes were measured at 
discharge and 2 years after injury. Patients 
who were at least 61 years of age were 2.1 
times more likely to have developed pneu- 
monia, 2.7 times more likely to have expe- 
rienced a gastrointestinal hemorrhage, 
5.6 times more likely to have developed 
pulmonary emboli, and 16.8 times more 
likely to have had renal stones prior to first 
definitive discharge than their 16- to 30- 
year-old counterparts. Patients who were 
at least 61 years of age were 3.9 times 
more likely to have been rehospitalized 
during the second postinjury year than pa- 
tients in the 16- to 30-year-old age group; 
2.1 times more likely to have required ar- 
tificial ventilatory support prior to dis- 
charge; 22.7 times more likely to have 
been discharged to a nursing home; 71.8 
times more likely to be in a nursing home 
2 years after injury; and 7.3 times more 
likely to have used hired attendants during 
the second postinjury year. Two-year sur- 
vival rates were 59% for patients aged 61 
to 86 years and 95% for patients aged 16 
to 30 years. Although the prognosis for 
most patients with spinal cord injury has 
improved in recent years, older patients 
still have a comparatively poor prognosis. 

(Arch Neurol. 1990;47:687-691) 


The purpose of our study was to 

characterize the spinal cord injury 
(SCI) population by age at injury and 
to determine the influence of age at in- 
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jury on resource utilization and reha- 
bilitation outcomes. We conducted this 
study because there is a paucity of in- 
formation on this topic in the medical 
literature and because we believe that 
a better understanding of the role of 
age at injury will lead to more accurate 
projections of the future needs of the 
SCI population as it ages. 

Although patients with SCI are usu- 
ally injured at a young age, 5.4% are 
more than 60 years of age at the time 
of injury.' The most common causes 
explain the reasons for the higher in- 
cidence of SCI among the young. Motor 
vehicle crashes are the leading cause 
prior to age 46 years, after which the 
frequency of traffic-related injuries 
declines and the proportion of work- 
related injuries and injuries occurring 
at home (primarily falls) increases.” 

Older patients with SCI are much 
more likely to have cervical lesions 
(especially those resulting in neurolog- 
ically incomplete quadriplegia) than 
their younger counterparts.'* These 
differences in neurologic level and ex- 
tent of lesion are also undoubtedly a 
function of the differences in cause 
noted among older patients. 

Most studies suggest that differ- 
ences between observed and expected 
SCI survival rates increase with age 
and that the prognosis for older pa- 
tients is much poorer than that for 
younger patients.'** Cause of death 
among patients with SCI also appears 
to be age related. For example, respi- 
ratory complications are the leading 
cause of death among older patients, 
while subsequent injuries and suicides 
rank first among younger patients.” 

Several studies have also considered 
the possible relationship between mor- 
bidity and age.: Young and Burns** 
noted a reduction in the incidence of 
pressure sores in both the youngest 
and oldest age groups. DeVivo et al'*"" 
found that age at injury was not asso- 
ciated with the predischarge risk of 
renal stones, while patients who were 
older when injured were at slight- 


ly lower risk of developing bladder 
stones. However, current age was as- 
sociated with increased risk of renal 
stones at follow-up.'? Kuhlemeier et 
al% found that the average serum 
creatinine level was higher and the 
average effective renal plasma fiow 
was lower among older patients with 
SCI. However, variability of effective 
renal plasma flow measurements was 
unaffected by age.” 

The effect of age at injury on hospi- 
tal length of stay and associated hos- 
pital charges has also been investi- 
gated. Older patients were found to 
have shorter lengths of stay, lower 
hospital charges, and fewer post- 
discharge readmissions than their 
younger counterparts.’ However, 
these findings should be interpreted 
cautiously because of the small study 
populations on which they were based. 

The impact of SCI on relationships 
between age and numerous psychoso- 
cial factors must also be considered.” 
Decker and Schulz” have suggested 
that patients injured at a younger age 
report higher levels of well being. 
DeVivo and Fine” observed that a 
younger age at injury increased the 
likelihood of divorce or separation 
within 3 years of injury. It has also 
been reported that younger patients at 
injury are more likely to return to 
gainful employment than their older 
counterparts.”*** 

Our study was an attempt to confirm 
and expand on these previous findings 
with a larger study population that al- 
lowed us to use more rigorous mul- 
tivariate statistical techniques to 
control for the effects of possible con- 
founding factors whenever appro- 
priate. 


PATIENTS AND METHODS 
Study Population 


The initial study population consisted of 
866 patients with traumatic SCI who were 
injured between 1973 and 1985 and who 
were admitted to our hospital within 1 year 
of injury. 


Spinal Cord Injury—DeVivo et al 687 


f a= + he = : 
YS wt e l G nk ee 


Data Collection 


Data on age at injury, sex, race, neuro- 
logic level of lesion at discharge, neurologic 
extent of lesion measured by Frankel grade 
at discharge,” cause, marital status at in- 
jury, education level at injury, employment 
status at injury, select preexisting major 
medical conditions at injury, occurrence of 
select medical complications during initial 
hospitalization, use of a mechanical venti- 
lator during initial hospitalization, number 
of days from injury to admission to our 
hospital, initial hospitalization length of 
stay, charges incurred during initial hospi- 
talization (subsequently adjusted to Janu- 
ary 1989 dollars using the Medical Care 
Component of the Consumer Price Index), 
place of residence at discharge, and inde- 
pendence in self-care activities at discharge 
were collected prospectively. 

Additional information on place of resi- 
dence 2 years after injury, occurrence of the 
same medical complications during the sec- 
ond postinjury year, use of a mechanical 
ventilator during the second postinjury 
year, changes in marital status 2 years af- 
ter injury, use of hired attendant care ser- 
vices during the second postinjury year, 
hospital and nursing home lengths of stay 
during the second postinjury year, and em- 
ployment status 2 years after injury was 
collected prospectively on a subset of 488 
patients. The remaining patients had died, 
had not yet been injured for 2 years, or were 
unavailable for follow-up. 


Statistical Analysis 


All patients were divided into five age 
groups: age, 1 to 15 years (n = 40); age, 16 to 
30 years (n = 460); age, 31 to 45 years 
(n = 196); age, 46 to 60 years, (n = 100); and 
age, 61 to 86 years (n = 70). The character- 
istics of each group were expressed as per- 
centages and the x’ statistic was used to test 
the significance of observed differences 
among the age groups.” A test of the linear 
trend of the percentages was also per- 
formed.” 

Separate multiple logistic regression 
analyses were conducted for each dichoto- 
mous outcome measure cited previously to 
control for possible confounding effects of 
sex, race, neurologic level and extent of 
lesion, and the use of a mechanical ven- 
tilator.? Appropriate interaction terms 
were also included in the logistic regression 
models, but were subsequently deleted 
when no statistically significant interac- 
tions or modifications of main effects were 
identified. 

Each age group’s adjusted odds ratio for 
each outcome and its approximate 95% 
confidence limits were determined from the 
appropriate regression model coefficients.” 
The odds ratio is an estimate of the likeli- 
hood of a given outcome among patients in 
each age group relative to the referent age 
group. For this study, the 16- to 30-year-old 
age group was chosen as the referent group 
because the 1- to 15-year-old age group is 
somewhat atypical of patients with SCI in 
general. An odds ratio of 1.0 implies no in- 
creased likelihood, whereas an odds ratio of 
2.0 implies that patients in that age group 
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were twice as likely to experience the par- 
ticular outcome as were patients in the 16- 
to 30-year-old age group. A 95% confidence 
interval around an odds ratio that does not 
include 1.0 implies a statistically signifi- 
cant difference in the likelihood of an out- 
come for that age group at a two-tailed 
probability (alpha) of .05. 

To test the linear, quadratic, and cubic 
effects of age on continuous outcome mea- 
sures, such as days from injury to hospi- 
tal admission, lengths of stay, incurred 
charges, days spent in a nursing home, and 
days rehospitalized, one-way analyses of 
variance were conducted with orthogonal 
contrasts.* Separate multiple linear re- 
gression analyses were also conducted to 
control the potential confounding effects of 
sex, race, neurologic level and extent of 
lesion, and the use of a mechanical 
ventilator.” Appropriate multiplicative in- 
teraction terms were included in the regres- 
sion models, but were once again deleted 
when no statistically significant interac- 
tions or modifications of main effects were 
identified. 

In each case, the plot of residual vs pre- 
dicted values was examined to assess the 
degree to which the underlying assump- 
tions of multiple linear regression may 
have been violated (ie, to detect the pres- 
ence of outliers and heteroscedasticity of 
residuals). First-order correlation coeffi- 
cients for all pairs of variables were exam- 
ined to detect the possible presence of col- 
linear relationships among the explanatory 
variables.” 

Because the outcome variables were not 
normally distributed, both the raw data 
and the square root transformations were 
used in the analyses. The square root was 
selected because it was the transformation 
that provided the most nearly normal dis- 
tributions. However, the results using the 
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Table 1.—Characteristics of Each Age Group at Time of Admission to the Hospital * 


Characteristic 1-15 16-30 31-45 46-60 61-86 P 
Male 80.0 84.6 81.1 79.0 70.0 .048 
White 82.5 69.3 62.2 52.0 57.1 <.001 





Motor vehicle crash 47.5 §5.2 42.3 37.0 37.7 
Act of violence 17.5 22.6 28.1 16.0 7.2 
Sports 30.0 10.9 5.1 0.0 0.0 <.001 
Falls 2.5 7.2 12.8 30.0 46.4 


raw data and the transformed data did not 
differ meaningfully. Therefore, because the 
analyses using the raw data are easier to 
interpret, only those results are presented. 

Two-year cumulative survival for each 
age group was calculated using Cutler- 
Ederer life table techniques.** Additional 
survival estimates were stratified by neu- 
rologic level and extent of lesion. 


RESULTS 


The characteristics of each age 
group at time of admission to our hos- 
pital are shown in Table 1. The differ- 
ences in etiology across all age groups 
were Statistically significant (P < 
.001). Motor vehicle crashes were the 
leading cause of SCI for all patients 
except those over 60 years of age. Falls 
were the leading cause of SCI for 
patients over 60 years of age. Sports- 
related injuries were the second lead- 
ing cause of SCI for patients less than 
16 years of age, while no sports-related 
injuries occurred among patients more 
than 45 years of age. Acts of violence 
(almost exclusively gunshot wounds) 
were the second leading cause of SCI 
between the ages of 16 and 45 years. 
However, the percentage of SCIs due to 
acts of violence declined steadily after 
age 45 years. 

The percentage of males ranged 
from 84.6% in the 16- to 30-year-old 
age group to 70% in the 61- to 86-year- 


old age group (P = .048). The test for - 


linear trend of the decrease in the per- 
centage of males as age increased was 
also statistically significant (P = .008). 
The percentage of white patients de- 





Age Group, y 







































Single (never married) 100.0 65.8 14.3 10.1 78 

Married 0.0 23.2 52.6 61.6 47.8 

Divorced 0.0 TF 18.4 12.1 13.4 <.001 

Separated 0.0 2.9 12.8 7.1 4.5 

Widowed 0.0 0.4 2.0 9.1 26.9 
Employed 0.0 63.4 79.5 73.2 18.2 <.001 
Quadriplegic 52.5 47.9 48.0 54.0 71.4 .006 
Frankel grade 

Complete 52.5 55.0 45.9 43.0 36.2 

Sensory sparing 25.0 19.2 23.5 21.0 18.8 039 

Motor nonfunctional 12.5 13.5 18.9 20.0 30.4 






Motor functional 





*Values given are expressed as percentages; N = 866. 
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creased from 82.5% in the 1- to 15- 
year-old age group to 52% in the 46- to 
60-year-old age group before increas- 
ing slightly to 57.1% in the 61- to 
86-year-old age group (P < .001). The 
test for linear trend in the percentage 
of white patients by age was also sta- 
tistically significant (P < .001). These 
differences in gender and race by age 
group are no doubt due in large part to 
the differences in causes of injury cited 
previously. 

As expected, the percentage of never 
married patients decreased dramati- 
cally as age increased (P < .001). Also 
as expected, there were substantial 
differences in the percentages of both 
high school graduates and employed 
patients at admission (P <.001). 
There were no high school graduates 
or patients employed in the competi- 
tive labor market who were less than 
16 years of age. After age 16 years, the 
test for linear trend indicated the per- 
centage of high school graduates de- 
creased significantly as age at admis- 
sion increased (P = .003). However, al- 
though the difference in employment 
status across all age groups was sta- 
tistically significant (P < .001), the 
trend was not linear (P =.75). Most 
patients between 16 and 60 years of age 
were employed at admission, while not 
surprisingly, the majority of patients 
over age 60 years were retired. 

There was a striking increase in the 
percentage of cervical injuries among 
patients over 60 years of age at admis- 
sion. Both the test for overall differ- 
ences (P = .006) and the test for linear 
trend (P = .004) indicated statistical 
significance. However, the percentage 
of neurologically complete lesions de- 
clined significantly as age at admission 
increased (P = .039). 

The prevalence of selected preexist- 
ing medical conditions for each age 
group appears in Table 2. Not surpris- 
ingly, the prevalence of diabetes, obe- 
sity, heart disease, and arthritis was 
highest among patients over 60 years 
of age at admission. Alcohol abuse was 
most common among patients between 
46 and 60 years of age. In fact, the 
linear trend statistics for diabetes 
(P < .001), obesity (P = .007), alcohol 
abuse (P < .001), heart disease (P < 
.001), and arthritis (P < .001) were all 
statistically significant. However, 
drug abuse was rare for all age groups 
(P = .288), and no linear age trend was 
observed (P = .418). 

The percentage of patients in each 
age group who developed selected med- 
ical complications during initial hos- 
pitalization is shown in Table 3. The 
results of the tests for linear trends 
indicated the percentages of patients 
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Table 2.—Prevalence of Select Preexisting Medical Conditions for Each Age Group at 
Time of Admission to the Hospital * 







Age Group, y 
= Sn OWmMm——- - vmmmmOooO0n[lwm">—»,,,_ ESE 0 OOo 
Condition 1-15 16-30 31-45 46-60 6 1-86 P 


Alcohol abuse 2.5 3.0 12.3 22.0 10.0 <.001 
Heart disease 0.0 0.4 1.5 3.0 8.6 <.001 
Arthritis 









3.1 8.0 24.3 


* Values given are expressed as percentages; N = 866. 






Table 3.—Patients in Each Age Group Who Developed Select Medical 
Complications During Initial Hospitalization * 


Age Group, y 
—_—_—_—_ 80 
Complication 1-15 16-30 31-45 46-60 61-86 P 


Pneumonia 7.5 17.2 18.4 22.0 30.0 .031 
Pulmonary embolus 0.0 3.5 5.6 6.0 16.7 <.001 
Renal stone 0.0 0.4 3.6 4.0 §.7 .003 











Bladder stone 10.0 11.5 Tet 3.0 4.3 .035 
Gastrointestinal 

hemorrhage 2.5 3.0 6.1 5.0 10.0 .066 
Heterotopic 

ossification 5.0 14.3 14.3 12.0 §.7 153 


Thrombophlebitis 17.5 10.0 10.2 10.0 11.4 .678 
Use of ventilator 0.0 15 2.6 3.0 7.1 .045 








*Values given are expressed as percentages; N = 866. 





Tf 
* Values given are expressed as means. 


Days in nursing home, year 2 





who developed a pulmonary embolus 
(P <.001), gastrointestinal hemor- 
rhage (P=.008), and pneumonia 
(P = .003), as well as the percentage of 
patients requiring mechanical ventila- 
tory support (P = .004), increased sig- 
nificantly with increasing age at ad- 
mission. The tests for linear trends 
also indicated that older patients were 
significantly more likely to have a re- 
nal stone, either as an unrecognized 
preexisting stone (Alabama is located 
in an endemic stone belt) or as a rap- 
idly forming new stone (P < .001), but 
younger patients were significantly 
more likely to develop bladder stones 
(P = .004). 

When the effects of neurologic level 
and extent of lesion, sex, race, and use 
of a mechanical ventilator were con- 


Table 4.—Outcomes of Each Age Group at Time of Admission to the Hospital * 


EOE 


Outcome 1-15 16-30 31-45 46-60 61-86 P 
Days to system admission 21.9 19.1 19.0 22.6 17.5 .499 
Days hospitalized 87.5 90.2 94.9 98.0 86.9 .362 


Hospital charges, $1000 60.8 





Days rehospitalized, year 2 34.1 







Age Group, y 


65.1 
29.1 
103.5 


trolled through use of the logistic re- 
gression analysis, patients in the 61- to 
86-year-old age group were 2.1 times 
more likely to develop pneumonia 
(95% confidence limits, 1.1, 4.0), 2.7 
times more likely to experience a gas- 
trointestinal hemorrhage (95% confi- 
dence limits, 1.0, 7.4), 5.6 times more 
likely to develop a pulmonary embolus 
(95% confidence limits, 2.3, 13.5), and 
16.8 times more likely to have a renal 
stone (95% confidence limits, 2.9, 99.0) 
prior to first definitive discharge than 
their 16- to 30-year-old counterparts. 
Interestingly, there were no statisti- 
cally significant differences in the per- 
centages of patients in each age group 
who developed complications during 
the second postinjury year. 

There were no statistically signifi- 
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cant associations between age at ad- 
mission and number of days from 
injury to system admission, initial 
length of hospitalization for acute care 
and rehabilitation, adjusted hospital 
charges, or number of days rehospital- 
ized during the second postinjury year 
(Table 4). However, when the effects of 
neurologic level and extent of lesion, 
sex, race, days to system admission, 
and use of a mechanical ventilator 
were controlled by multiple linear re- 
gression, hospital charges for acute 
care and rehabilitation, adjusted to 
January 1989 dollars, were found to 
increase by $91.57 for each year of age 
at admission (P = .10). For example, 
adjusted hospital charges for 70-year- 
old patients were, on average, $4578.50 
more than for 20-year-old patients 
($91.57 X50 years). The higher 
charges occurred despite the fact that 


no relationship was observed between 


age at admission and initial hospital 
length of stay or number of days from 
injury to system admission. 

Mean lengths of initial hospitaliza- 
tion for patients in the 61- to 86-year- 
old age group by Frankel grade were as 
follows: neurologically complete, 85 
days; preserved sensation, 90 days; 
motor nonfunctional, 99 days; and mo- 
tor functional, 76 days. Comparable 
figures for the 16- to 30-year-old age 
group were as follows: neurologically 
complete or preserved sensation, 96 
days; motor nonfunctional, 100 days; 
and motor functional, 72 days. 

The effect of age at admission on 
number of days spent in nursing 
homes during the second postinjury 
year is also shown in Table 4. The 
average nursing home length of stay 
during the second postinjury year for 
patients at least 61 years of age at ad- 
mission to the system was 103.5 days, 
significantly more than that of any 
other age group. In fact, as shown in 
Table 5, the percentage of patients in 
the 61- to 86-year-old age group who 
resided in nursing homes 2 years after 
injury was 30% and, controlling for 
neurologic level and extent of lesion, 
sex, race, and use of a mechanical ven- 
tilator, patients in the 61- to 86-year- 
old age group were 22.7 times more 
likely to be discharged to a nursing 
home (95% confidence limits, 6.7, 77.3) 
and 71.8 times more likely to reside in 
a nursing home 2 years after injury 
(95% confidence limits, 11.7, 442.0) 
than their 16- to 30-year-old counter- 
parts. 

Although neurologic improvement 
was observed for some patients in each 
age group, in general, Frankel grades 
were the same at admission (Table 1) 
and discharge (Table 5). The test for 
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Residence, discharge 


Private residence 100.0 






Other 


Residence, year 2 
Private residence 






Other 5. 


Marital status change, year 2 
Divorce 


Marriage 






* Values given are expressed as percentages. 


Months After Injury 1-15 


2 100.0 





12 
24 100.0 
* Values given are expressed as percentages. 





linear trend indicated the percentage 
of patients who were independent in 
self-care activities at discharge was 
inversely related to increasing age 
at admission after age 15 years 
(P = .016). 

Utilization of hired attendant care 
services during the second postinjury 
year was greatest among patients who 
were at least 61 years of age at admis- 
sion to our hospital (Table 5). Al- 
though the differences in the percent- 
ages were not statistically significant 
(P = .237), when the effects of neuro- 
logic level and extent of lesion, sex, 
race, and use of a mechanical ventila- 
tor were controlled by logistic regres- 
sion analysis, patients in the 61- to 86- 
year-old age group were 7.3 times more 
likely to have used hired attendants 
than their 16- to 30-year-old counter- 
parts. This increased likelihood of us- 
ing hired attendant care services in the 
61- to 86-year-old age group was sta- 
tistically significant (95% confidence 
limits, 1.9, 27.3). 

Regardless of age at admission, few 
patients were employed in the compet- 


Table 5.—Outcomes of Each Age Group at Time of Admission to the Hospital * 


a ——a—sa———— ŘiaaaaIaiiIIIaaaaaaasssusssssusssiÃÂiħisn 


35.2 


Outcome 1-15 16-30 

Frankel grade-discharge 

Complete 52.5 51.3 

Sensory sparing 5.0 15.5 

Motor nonfunctional 17.5 9.0 

Motor functional 22.5 22.9 

Recovered 2.5 1.3 
Independent, discharge 

Self-care 18.2 

Ambulation 18.2 18.0 





98.0 
Nursing home 0.0 0.9 






90.0 91.6 
Nursing home 5.0 0.7 


o t-t 4.2 2.3 
.0 10.9 8.9 14.9 


Hired attendant care, year 2 5 23.8 .237 
Employed, year 2 0.0 15.6 4.8 8.5 4.5 .007 


Table 6.—Cumulative Survival of Each Age Group * 


16-30 
98.3 


6 100.0 97.4 97.5 93.0 71.4 i 
100.0 96.9 95.9 90.8 66.8 


95.4 





Age Group, y 












31-45 46-60 61-86 P 

41.0 39.0 34.8 
17.4 13.0 13.0 
13.3 22.0 30.4 .001 
26.7 25.0 20.3 

1.5 1.0 1.4 
39.6 14.8 8.3 .013 
16.3 18.5 8.3 837 

















3.6 9.6 21.4 


93.7 89.4 75.0 
<.001 
3.6 





60.0 
30.0 
10.0 


94.2 95.5 
1.7 2.3 







| <.001 








Age Group, y 







31-45 
98.0 


46-60 
96.0 


61-86 
81.4 






92.5 84.5 59.0 


itive labor market 2 years after injury 
(Table 5). Not surprisingly, only 4.5% 
of patients who were at least 61 years 
of age at admission were employed 2 
years after injury. 

Younger patients who were married 
at admission were more likely to be di- 
vorced within 2 years of injury than 
older patients (P = .04). However, no 
significant association was observed 
between age and marriages among 
single patients at admission (P= 
331). 

There were dramatic differences in 
survival rates among the five age 
groups (Table 6). For example, 2-year 
survival was 59% for patients in the 
61- to 86-year-old age group compared 
with an expected survival of 94% 
based on standard life tables for the 
general population. Two-year survival 
by Frankel grade for patients in the 
oldest age group was neurologically 
complete, 37%; preserved sensation, 
55%; motor nonfunctional, 67%; and 
motor functional, 93%. In fact, if only 
quadriplegics in the oldest age group 
were considered, the 2-year survival 
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figures were even lower: neurologically 
complete, 13%; preserved sensation, 
43%; motor nonfunctional, 65%; and 
motor functional, 90%. 


COMMENT 


These findings were interpreted cau- 
tiously because the number of patients 
in the youngest and oldest age groups 
was not exceptionally large. Also, it is 
possible some of the relationships de- 
picted in the Tables are confounded by 
other variables. The odds ratios and 
regression coefficients were adjusted 
for the possible confounding effects of 
neurologic level and extent of lesion, 
sex, race, and use of a mechanical ven- 
tilator. However, variables not in- 
cluded in the analysis might still con- 
found the results. Nonetheless, the 
strength of most associations between 
age and outcome was such that it 
would be unlikely they could be ex- 
plained by confounding alone. 

When multiple linear regression 
was used, inspection of the correlation 
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matrices did not reveal any meaning- 
ful collinearity in the data set. All re- 
sidual plots appeared to be homosce- 
dastic, and no outliers were detected. 

As indicated previously, this study 
included patients injured over a long 
period between 1973 and 1985. Al- 
though several important changes oc- 
curred in the United States health care 
system during this period, the results 
of our study should not be affected be- 
cause the age of patients enrolled in 
the study did not vary by year of injury 
(P > :05). 

Because these patients were treated 
at a single rehabilitation center, the 
results of this study cannot necessarily 
be generalized to other geographic lo- 
cations or to other care systems. For 
example, the percentage of patients 
residing in nursing homes may vary 
considerably in accordance with the 
socioeconomic characteristics of each 
community. Hospital charges will also 
vary according to the geographic loca- 
tion and type of facility providing 
treatment. 
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Cigarette Smoking 


A Risk Factor for Cerebral Infarction in Young Adults 


Betsy B. Love, MD; José Biller, MD; Michael P. Jones, PhD; Harold P. Adams, Jr, MD; Askiel Bruno, MD 


è To assess the impact of cigarette 
smoking on stroke in young adults (15 to 
45 years old), we compared smoking data 
from 181 patients with cerebral infarction 
with that of 307 control subjects matched 
for age, gender, geographic location, and 
hospital admission dates. While control- 
ling for these matching variables and hy- 
pertension, an analysis based on a condi- 
tional logistic regression model indicated 
that a smoker was 1.6 times more likely to 
have a cerebral infarction than a non- 
smoker (95% confidence interval, 1.07 to 
2.42). There was a cumulative dose effect 
with each additional pack-year causing a 
greater risk of having acerebralinfarction. 
In fact, after adjusting for all other risk 
factors, there was a significant quadratic 
component to the dose-response relation- 
ships, with the result that individuals with 
a larger number of pack-years were invari- 
ably the stroke patients. There was no 
significant difference in smoking status 
among the various subtypes of cerebral 
infarction (atherosclerotic, nonathero- 
sclerotic vasculopathy, cardioembolic, 
hematologic related, undetermined). 
These data indicate that cigarette smok- 
ing is an important risk factor for cerebral 
infarction in young adults. Risk factor 
modification through cessation of smok- 
ing may reduce the risk of ischemic stroke 
in young adults. 

(Arch Neurol. 1990;47:693-698) 
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W rile cigarette smoking has been 

associated with coronary artery 
disease in many studies, only recently 
has its role in cerebrovascular disease 
been more firmly established. In the 
Framingham study,!' prospective data 
accumulated over more than three de- 
cades demonstrated a strong relation- 
ship between cigarette smoking and all 
types of stroke. The increased stroke 
risk among cigarette smokers was dose 
related and independent of arterial 
hypertension. Another recent prospec- 
tive cohort study found a significantly 
increased risk of stroke among young 
and middle-aged female cigarette 
smokers.? Due to the importance of 
identifying modifiable risk factors for 
cerebral infarction in young adults, we 
studied smoking habits in patients 
aged 15 to 45 years old with cerebral 
infarction to determine whether ciga- 
rette smoking was a risk factor in this 
age group. 


MATERIALS AND METHODS 
Study Population and Design 


We reviewed our experience with indi- 
viduals entered in our ongoing prospective 
registry of cerebral infarction in young 
adults aged 15 to 45 years old. These pa- 
tients were hospitalized at University of 
Iowa Hospitals, Iowa City, between July 
1977 and December 1987. All patients were 
evaluated by the investigators. Risk factors 
for cerebral infarction were reviewed. 
Causes of cerebral infarction were pursued 
by cardiac, hematologic, and arteriographic 
studies. The cause of cerebral infarction 
was classified as atherosclerotic, nonath- 
erosclerotic vasculopathy, cardioembolic, 
hematologic related, or undetermined 
based on clinical and paraclinical investi- 
gation. Atherosclerosis was the presumed 
cause of cerebral infarction if the patient 
had two or more established risk factors of 
atherosclerosis in the absence of any other 
identifiable causes. If the results of the in- 
vestigation were inconclusive or the cause 


could not be established, we labeled it as 
cerebral infarction of undetermined cause. 

We focused on cigarette smoking as a risk 
factor, collecting information regarding 
current and prior smoking status, number 
of cigarettes smoked daily, total number of 
years smoked, and pack-years (number of 
packs smoked daily multiplied by the num- 
ber of years smoked). Patients were cate- 
gorized as smokers, nonsmokers, or former 
smokers. Smokers were defined as those 
currently smoking any number of ciga- 
rettes on at least a weekly basis. Nonsmok- 
ers did not use tobacco at the time of exam- 
ination or in any consistent manner in the 
past. Former smokers had ceased smoking 
at the time of examination, but had used 
tobacco in the past. 

Each case was compared with one or two 
computer-generated hospitalized control 
subjects that were matched for age (+5 
years and between 15 and 45 years old), 
gender, hospital admission dates (+2 
years), and county of residence. All control 
subjects were hospitalized in either the 
neurology or internal medicine services. 
Control subjects were without known cere- 
brovascular disease, coronary artery dis- 
ease, or other smoking-related illnesses 
(including any type of malignancy of the 
oropharynx, larynx, lung, esophagus, stom- 
ach, bladder, and pancreas; bronchitis, 
chronic obstructive pulmonary disease, 
peptic ulcer disease, or peripheral vascular 
disease). Smoking status of the control 
subjects was noted by chart review. The 
control subjects were classified in the same 
manner as described for the cases into the 
categories of smoker, nonsmoker, or former 
smoker. If cigarette-smoking data were not 
available for a control subject, another 
randomly selected, matched control subject 
was used. 


Statistical Analysis 


The data were aggregated into matched 
sets, each set consisting of a case and 1 to 
2 individually matched control subjects. 
Analysis was performed using conditional 
logistic regression,’ which modeled the odds 
of having a cerebral infarction as a function 
of risk factors. The pool of potential risk 
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factors included arterial hypertension, dia- 
betes mellitus, cigarette-smoking status, 
number of cigarettes smoked per day, pack- 
years, and pack-years squared. Interactions 
among these variables and interactions of 
these variables with the matching variables 
of gender and age were also considered. 
Pack-years and squared pack-years were 
highly correlated, indicating the term 
squared pack-years contained linear as well 
as quadratic information about smoking 
history. To alleviate this problem, pack- 
years was centered by subtracting the 
average number of pack-years. The square 
of this variable was used to assess whether 
stroke incidence was quadratic in centered 
pack-years. 


Undetermined 
(12%) 


Y 


Hematologic 
(13%) 


Cardioembolic 
(22%) 


In the first phase of the analysis, each of 
the potential risk factors was individually 
investigated for its association with stroke 
incidence. Second, an extensive search was 
made to find the multivariable regression 
model that best described the data. “Best” 
was defined as the model with maximum 
log-likelihood’ and with each variable being 
either significant at the .1 level or involved 
in a significant interaction. Third, regres- 
sion diagnostics for conditional logistic 
regression* were used to determine if the 
final results remained unchanged when any 
potential outlier was removed. It should be 
noted that in conditional logistic regres- 
sion, a case is only compared with his/her 
own matched control subject(s). This com- 


Atherosclerotic 
(27%) 


Nonatherosclerotic 
Vasculopathy 
(26%) 





Fig 1.—Cause of cerebral infarction in 181 young adults. 





Stroke Subtype 








Atherosclerotic 


Table 2.— Smoking Status of Cases 
and Control Subjects 


Percent 
aa  —-100VWN>}OONO “—~ 
Non- Ex- 


Smoker smoker smoker 


All cases 
All control 
subjects 
Men 
Cases 
Control 
subjects 
Women 
Cases 
Control 
subjects 
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Table 1.—Stroke Subtype and Smoking Status 


a ¥e———_—_+ ~~. 
Smoker 





Cardioembolic 


53 45 2 
43 51 6 
54 46 0 
38 54 8 
64 36 o 


Hematologic 
Undetermined 
Table 3.— Univariate Estimates of Relative Risk for Cerebral Infarction * 


No. 

i 49 

i 39 

i 24 
22 





Percent 







Nonsmoker Former Smoker 





No. of Complete 


Variable Matched Setst 


Smoking 
status 181 


SM vs NS 
XS vs NS EN 
No. of cigarettes /d 163 
Centered pack-year 
Men 












Odds Ratio P 


Hypertension 180 2.900 <.001 1.683-4.999 
Diabetes 180 1.015 .961 .569- 1.809 






parison is made on the measured charac- 
teristics or variables. Since the case and 
matched control subject(s) are identical on 
the matching variables of age and sex, one 
cannot assess the possibility of these being 
risk factors, and so these terms are not in- 
cluded as main effects in the regression 
model. However, they can appear in inter- 
action terms with nonmatching variables, 
such as age X hypertension, since these fac- 
tors may differ between case and matched 
control subject(s). 


RESULTS 


There were 181 patients with cere- 
bral infarction and 307 matched con- 
trol subjects. Among the cases, 96 were 
men (53% ) and 85 were women (47%), 
with a mean age of 34.5 years. The 
control group consisted of 159 men 
(52%) and 148 women (48%), with a 
mean age of 34.4 years. 

Most cerebral infarctions were sec- 
ondary to atherosclerosis, nonathero- 
sclerotic vasculopathies, or embolism 
of cardiac origin (Fig 1). Despite ex- 
tensive investigation, 12% had cere- 
bral infarction of undetermined cause 
(Fig 1). Table 1 lists the smoking sta- 
tus of the cases according to presumed 
cause of cerebral infarction. Although 
there was a seemingly greater percent- 
age of smokers in the undetermined 
category, this difference was not sta- 
tistically significant. 

A comparison between the smoking 
status of the cases and control subjects 
is illustrated in Table 2. The data in 
those figures do not reflect matched 
analysis. 

The set of potential risk factors 
including hypertension, diabetes, 
smoking status, number of cigarettes 
smoked per day, and centered pack- 
years were individually assessed for 
their associations with case/control 
status. The separate odds ratios, P 
values, and 95% confidence intervals 
are given in Table 3. Smokers were 1.43 
times more likely to have a cerebral 
infarction than nonsmokers, a margin- 





95% Confidence 
Interval 












.975-2.109 
.246- 1.686 
1.002-1.027 
1.017-1.053 
1.019-1.07 1 
.995- 1.049 


1.014 .028 














* SM indicates smokers; NS, nonsmokers; and XS, ex-smokers. 
tA matched set consists of a case and his/her matched control subjects. 
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ally significant result as P = .067, with 
a95% confidence interval of .97 to 2.11. 
There were too few former smokers for 
this study to make a sufficiently pow- 
erful comparison with nonsmokers: 
odds ratio = .64, with a 95% confi- 
dence interval of .25 to 1.69. 

To determine if there was a dose- 
related response, we considered the 
number of cigarettes smoked per day 
and the number of pack-years. The 
number of cigarettes smoked per day 
was a significant risk factor (P = .028), 
with risk increasing by a factor of 1.014 
for each additional cigarette smoked 
per day (Table 3). However, of all the 
smoking variables studied, pack-years 
was the one most clearly related to risk 
of cerebral infarction (P < .001). Table 
3 gives an odds ratio of 1.035 (per ad- 
ditional pack-year); however, this re- 
sult must be considered as preliminary 
since the observed dose-response rela- 
tionship between pack-years and case/ 
control status is not linear but rather 
quadratic. 

To reduce the effect of confounding 
variables in our assessment of the 
dose-related response, a multivariable 
regression analysis was carried out, as 
described in the statistical methods. 
The resulting final model is given in 
Table 4 and shows a fairly complex re- 
lationship of various risk factors and 
their interactions. For example, hy- 
pertension does not act alone in affect- 
ing the risk of cerebral infarction; its 
effect increases with age (marginally 
significant age-by-hypertension inter- 
action, P = .057) and almost signifi- 
cantly (P = .057) increases the risk of 
cerebral infarction for diabetes (hy- 
pertension-by-diabetes interaction). 

The risk of cerebral infarction in- 
creases quadratically in centered 
pack-years, meaning that the increase 
in risk from smoking an extra pack- 
year is more than a constant amount. 
This is further complicated by the 
negative interaction of age and pack- 
years. The interaction effect of age and 
pack-years was considered in three age 
categories: (1) 15 to 25 years, (2) 26 to 
35 years, and (3) 36 to 45 years. The 
negative coefficient of age category- 
by-pack-year interaction means that 
younger adults with the same number 
of pack-years as older adults run a 
greater risk of cerebral infarction. A 
few case examples will help to clarify 
the final model of Table 4. A 30-year- 
old with 20-pack-years of smoking ex- 
posure has a 2.877 times greater risk 
than -a 30-year-old nonsmoker. Com- 
paring a 20-pack-year and a 40-pack- 
year smoker of age 40 years to a non- 
smoker of the same age, the relative 
risks are 1.202 and and 28.211, respec- 
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Table 4.—Final Multivariate Regression Model Simultaneously Relating Relative Risk of 
Cerebral Infarction to Multiple Risk Factors* 


Variable Coefficient SE 


95% Confidence 


P Odds Ratio Interval 


Hypertension —2.831 1.86 .128 .059 .002-2.253 


Diabetes — 1.116 


.607 


066 .327 .100-1.076 


Age, hypertension .0933 1.098 997-1.208 


.049 .057 
.901 .057 


Hypertension diabetes 1.716 5.561 .951-32.51 


CPkY .0712 


.048 


.142 1.074 .976-1.181 ! 


CPkY? .0046 .0015 .002 1.005 1.002- 1.008 
Age category 2, CPkY —.0234 .053 662 .977 .880- 1.085 


Age category 3, CPkY —.1038 


.053 
* One hundred fifty-five matched sets had complete data; CPkY indicates centered pack-year. Variable names 


.052 .901 -812-1.001 





are given in Table 2 except for age category 2 defined as ages 26 to 35 years and age category 3 as ages 


36 to 45 years. 
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Fig 2.—Scatterplot of pack-year by age. 


tively. Finally, a 30-year-old smoker of 
20 pack-years has 2.394 times the risk 
of having a cerebral infarction as a 40- 
year-old with the same number of 
pack-years. Hence, both the total cu- 
mulative smoking dosage, and the rate 
at which one smokes are important 
risk factors. This latter statement as- 
sumes that on the average smokers 
began smoking at a similar age. The 
age pack-years relationship to case- 
control status can be graphically seen 
in Fig 2. As evident from Fig 2, all 
those smoking 40 or more pack-years 


were between the ages of 30 and 45 ` 


years and were cases with cerebral in- 
farction. 


COMMENT 


There have been numerous studies 
addressing the association between 
cigarette smoking and cerebrovascu- 
lar disease. Results have been conflict- 


ing. While most have shown a positive 
association'?*?! (Table 5), some have 
found no association” (Table 6). The 
Framingham data! and a cohort study 
of young and middle-aged women? 
have provided convincing evidence 
of an association between cigarette 
smoking and stroke. 

Our study of cigarette smoking as a 
risk factor for cerebral infarction was 
different from most previous studies in 
several respects. First, we studied only 
young adults. This was advantageous 
because this group tended to have 
fewer confounding factors such as cor- 
onary artery disease, arterial hyper- 
tension, and diabetes mellitus. To our 
knowledge, there have been only two 
other studies addressing the risk of 
cerebral ischemia exclusively among 
cigarette-smoking young adults.'?” 
Oleckno” found a fourfold increase 
in cerebral ischemia among female 
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Table 5.—Positive Association Between Smoking and Cerebrovascular Disease * 


Study Cohort No. of Relative Risk / 

Source, y Type Size Cases Age, y CVD Type Confidence Interval Comment 
Kannel, 1971 P n 153 30-62 All Men 3.0 Too few women 
Paffenbarger and R 10327 102 47-64 All 

Wing,® 1971 (mean) 










<50 





Fogelholm and Cl: thrombotic Men 1.5; women 3.0 


Aho,’ 1973 
Abu-Zeid et al,°® 67 Cl: ischemic 
1977 (mean) hemorrhagic 


Pettiti et al,° 1979 P 16759 34 18-54 All: SAH other 























2.4 (P < .001); 1.4 (NS) 














5.7 (90% Cl, 1.8-17.8); 4.8 
(90% Cl, 2.3-9.8) 


Bell and Symon, "° oe Ae SAH: aneurysmal Men 3.9 (90% Cl, 1.3-12.0; 
1979 P < .04); women 3.7 

(90% Cl, 2.3-5.9, 

P < .0005) 


Salonen et al,"' Men 4.2 (90% Cl, 2.0-8.9); 
1982 Other women 1.4 (90% Cl, 0.4- 
5.0); men 2.2 (90% Cl, 
1.3-3.9); women 0.8 
(90% Cl, 0.3-2.2) 


Men 4.7 (P < .05); women 
2.6 (P < .001) 


Studied women only 

























Not significant in women 

















Taha et al,'* 1982 SAH: aneurysmal 










Candelise et al,'* P rA eM Smoking was only risk fact- 
1984 or strongly associated 
with extracranial athero- 
sclerosis 


Studied men only 
















Cl: ischemic, 2.5 (95% Cl, 1.8-3.5; 
hemorrhagic P < .001); 2.8 (95% Cl, 
1.7-4.8; P < .001) 


Men 3.0 (95% CI, 2.0-5.2); Smoking plus hypertension 
women 4.7 (95% Cl, 2.9- yields 15 X risk 
7.6) 


3.13 (95% CI, 1.41-6.98; 
P < .05) 


Men 3.1 (95% Cl, 2.0-4.9; Smoking plus hypertension 
P < .001); women 2.6 yields 20 X risk 

(95% Cl, 1.4-4.6; 

P < .001) 


Fogelholm and we Men 2.7 (90% Cl, 1.3-5.7; 
Murros,'® 1987 P < .01); women 3.0 

(90% Cl, 0.9-11.5; 

P<.1) 


All stroke; Men 1.42 (P < .05); 
atherothrombotic women 1.61 (P < .05); 
brain infarction men 1.56 (P < .05); 

women 1.86 (P < .05) 


2.2 (95% Cl, 1.5-3.3); 2.7 1-14 cigarettes/d; 15-24 
(95% Cl, 1.9-3.7); 3.7 cigarettes /d; =25 ciga- 
(95% Cl, 2.7-5.1) rettes/d 


Men 1.15 (95% Cl, 0.48- Significant only in women 
2.74); women 4.3 (95% 
Cl, 1.99-9.27) 


2.3 (95% Cl, 1.27-4.27; 
1988 = .0061) 
Gorelick et al,*' sag Lae Men 2.37 (95% Cl, 1.19- 1-32 pk-y; =33 pk-y; 1-32 
1989 4.72; P = 0.14); 6.11 pk-y; =33 pk-y 

(95% Cl, 3.16-11.84; 

P = .0001); women 2.98 

(95% Cl, 1.14-7.81; 

P = .03); 3.69 (95% Cl, 
1.13-12.10; P = .03) 
All 1.6 (95% Cl, 1.06-2.40; 
P = .025); men 1.74 
(95% Cl, .946-3.203; 
P = .075); women 1.40 
(95% Cl, .798-2.466; 
P = .240) 


* CVD indicates cerebrovascular disease; R, retrospective; CC, case-control; Cl, cerebral infarction; NS, not significant; P, prospective; SAH, subarachnoid hemorrhage; 
RIND, reversible ischemic neurologic deficit; TIA, transient ischemic attack; and pk-y, pack-years. 


Abbott et al,'* 1986 













Bonita,'® 1986 



























Cl: ischemic, Dose related 


hemorrhagic, TIA 


Molgaard et al,"® 
1986 


Bonita et al,” 1986 

















Significant only in men 














Wolf et al,’ 1988 Dose related 

























Colditz et al,? 1988 P 118539 274 30-55 All 
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Gandolfo et al,”° Lacune 



















Present study Dose-related 









smokers, but no significant association hemorrhagic and hemorrhagic cere- hypertension, diabetes, or cardiovas- 
in men. However, the study was retro- bral infarction as well as “ill-defined” cular disease. In addition, the data 
spective with cases gathered by review cerebrovascular disease. The results were analyzed using unmatched sta- 
of discharge diagnosis, without clini- may have been biased due to exclusion tistical methodology. Chopra and 
cal validation. The study included non- of both cases and control subjects with Prabhakar% found no association be- 
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Source, y Type 


Brett and Benjamin,” 1968 










Herman et al,?’ 1982 


Table 6.—No Association Between Cigarette Smoking and Cerebrovascular Disease 





Study Cohort 
Size 


54 460 





P de 3 II ae 
Nomura et al,™® 1974 P 42017 659 >45 II abd 
Ostfeld et al,** 1974 P 3141 198 65-74 All — 
Chopra and Prabhaker,*® 1979 P Be 251 4 All 
P 6194 68 2 
C 126 BS 


<40 ae 
Doll et al,™® 1980 >20 Cerebral Only studied 
thrombosis women 
C 











* e * 


No. of CVD 
Cases Age, y Type 


>40 A 
A 


Comment 








40-74 All ‘ 


* CVD indicates cerebrovascular disease; P, prospective; and CC, case-control. 


tween cigarette use and cerebrovascu- 
lar disease in young adults. 

In our study, we included only those 
with cerebral infarction. Although cig- 
arette smoking appears to increase the 
risk of all types of cerebrovascular 
disease, including intracerebral or 
subarachnoid hemorrhage, it is impor- 
tant to evaluate the groups indepen- 
dently to ultimately determine the 
mechanisms involved. Our cases were 
extensively studied to determine the 
cause of cerebral infarction. We had 
the advantage of being able to more 
accurately distinguish between stroke 
subtypes due to the prospective nature 
of our study, the use of modern neu- 
roimaging techniques, and sophisti- 
cated cardiac and hematologic testing. 

Data from this case-control study 
indicate that cigarette smoking is a 
risk factor for cerebral infarction in 
young adults. In addition, dose of ex- 
posure to cigarette smoking in terms 
of cigarettes per day and pack-years 
is important. Interestingly, cigarette 
smoking is a statistically more signif- 
icant risk factor in our population than 
either arterial hypertension or diabe- 
tes mellitus. This may be due to a 
greater number of hypertensive or di- 
abetic persons in our hospitalized con- 
trol population than would be encoun- 
tered in a nonhospitalized control 
population. Alternatively, this young 
population may not have had a long 
enough exposure to hypertension or 
diabetes for these illnesses to be sig- 
nificant risk factors. 

Another feature is the greater than 
projected number of smokers in our 
control group (43% overall, 48% of the 
men, and 40% of the women). Data 
from the National Health Interview 
Survey” indicate that the percentage 


1. Wolf PA, D’Agostino RB, Kannel WB, Bonita 
R, Belanger AJ. Cigarette smoking as a risk fac- 
tor for stroke. JAMA. 1988;259:1025-1029. 

2. Colditz GA, Bonita R, Stampfer MJ, et al. 
Cigarette smoking and risk of stroke in middle- 
aged women. N Engl J Med. 1988;318:937-941. 

3. Breslow NE, Day NE. Statistical Methods in 
Cancer Research: The Analysis of Case-Control 


Arch Neurol—Vol 47, June 1990 


of current smokers in 1976 among 
whites aged 20 to 44 years was 46.8% of 
men and 32.5% of women, respectively. 
By 1986, these figures had declined in 
this age group to 35.8% of men and 
31.9% of women. One explanation for 
the higher rate of cigarette use in our 
control subjects is the use of hospital- 
ized patients who were potentially 
more likely to be smokers. We tried to 
avoid such a bias by eliminating all 
those with current or a history of 
smoking-related illnesses. However, 
some illnesses potentially caused by or 
related to smoking may not have been 
eliminated. The overall effect could be 
a possible overrepresentation of smok- 
ing among the control subjects. For 
this reason, the relative risk of cere- 
bral infarction among smokers may 
have been underestimated. 

Due to the small number of former 
smokers in our study, we are unable to 
comment on the effect of discontinuing 
smoking. The Framingham study' in- 
dicated the risk of stroke decreased 
significantly by 2 years after stopping 
smoking and was at the level of non- 
smokers by 5 years after cessation. 
This has important implications for 
risk factor modification. In addition, 
this decline in stroke risk with smok- 
ing cessation enables one to speculate 
about potential mechanisms relating 
cigarette smoking and cerebral infarc- 
tion. 

Many mechanisms have been pro- 
posed to explain how tobacco or an 
agent in tobacco causes deleterious ef- 
fects on the vascular and/or the hem- 
atologic systems. Possible vascular 
mechanism may be promotion of arte- 
rial vasoconstriction,” promotion of 
atherosclerosis,”**°"!* action as a di- 
rect endothelial toxin,*** or action as a 
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are inhibition of prostacyclin,” de- 
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that the total number of years of cig- 
arette smoking was the most signifi- 
cant predictor of severe extracranial 
carotid atherosclerosis by arteriog- 
raphy. The frequency of severe ex- 
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MIDAS REX?® Institute 
PRE-SYMPOSIUM HANDS-ON WORKSHOP 


July 23-24-25, 1990 
7:00 a.m. to 1:00 p.m. each day 


"Modern Dissection Techniques of Bone, 
Biometals, Bioceramics, and Bioplastics" 
(Neuro 700 and ORP 70 


Midas Rex is honored to respond to the invitation to 
present a Hands-On Instruction Conference immedi- 
ately preceding the Hilton Head Neurosurgical Sym- 
posium. (See opposite column) 


COURSE DIRECTORS 
Edward F. Downing, M.D. John M. Tew, Jr., M.D. 
Tom Mickel, Ph.D. Susan Mitchell, Ed.D. 


GUEST LECTURERS 
Edward F. Downing, M.D. John M. Tew., Jr., M.D. 
ge) Helen Hughes, B.S., R.N. 
Their topics will include clinical considerations of the 
bonework of both the cranium and the spine, as well 
as Operating room protocol and maintenance. 


CONFERENCE OBJECTIVES 
The Midas Rex Hands-On Workshops will be held each 
day from 7:00 a.m. to 1:00 p.m. in the Villa Conference 
Center. The workshops will emphasize a series of 
structured exercises utilizing appropriate animal 
bones, skeletal bones, bioplastics, and biometals. Par- 
ticular attention will be directed toward dissection 
skills for bonework of the cranium and spine. 


The focus for Operating Room Personnel will be on 
dissection skills to become familiar with the applica- 
lions of power instrumentation; discussion of and par- 
ticipation in promeni solving, care, and proper 
maintenance Ol power equipment. 


ENROLLMENT 

Fee (US$): Surgeon $965.00; Fellow/Resident 
$585.00 (with letter from Department Head); All Op- 
erating Room Personnel(RN/CST/PA/Other) $250.00. 
Make check to "Hilton Head Symposium." Mail to 
address shown below. Enrollment is limited. Please 
call to reserve space before sending check or arranging 
travel plans. All enrollments are made through the 
Midas Rex office in Fort Worth. 


Continental break fast each morning. Dinner discussion 
for faculty, enrollees, and guests, July 24, 1990. 


CREDIT: 18 Hours CME Category I 





For additional information, call or write: 
MIDAS REX Institute 
2929 Race Street , Fort Worth, Texas 76111 
Phone: 800-433-7639 or 817-831-2604 
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HILTON HEAD ISLAND 
NEUROSURGICAL SYMPOSIUM 


July 26-27-28, 1990 
7:00 a.m. to 1:00 p.m. each day 


NEUROSURGERY 1990 
CEREBROVASCULAR DISEASE 


COURSE DIRECTORS 
Edward F. Downing, M.D. John M. Tew, Jr., M.D. 


FACULTY 
James I. Ausman, M.D. Evandro de Oliveira, M.D. 
Mario Brock, M.D. Raymond Sawaya, M.D. 
Thomas Brott , M.D. Ladislau Steiner, M.D. 
Kerry R. Crone, M.D. John M. Tew, Jr., M.D. 
Edward F. Downing, M.D. William D. Tobler, M.D. 
Robert Lukin, M.D. Thomas Tomsick, M.D. 
Harry van Loveren, M.D. 


PURPOSE 
This course offers a state of the art discussion on the 
technical advances in neurosurgery and the newest 
advances in the treatment of cerebrovascular disease. 
It is directed primarily to the clinical neurosurgeon, and 
will be considered valuable to younger practioners who 
are preparing for their Board Examinations. The pre- 
sentations will stress practical information of value to 
the clinician. A distinguished roster of international 
speakers join the course directors in presenting this 
course at Palmetto Dunes Hyatt Resort on Hilton Head 
Island, South Carolina. 


TUITION FEE 
$600 - payable with pre-registration. A $50.00 cancel- 
lation fee will be charged for withdrawals after July 19, 
1990. Registrants are urged to bring x-rays and prob- 
lem cases to discuss with the faculty at 7:00 a.m. each 
day. Full be eg will be charged if cancellation is 
made after July 22, 1990. 


Cocktail reception on Thursday, July 26, 1990, evening 
oolside, cocktails, and a Low Country Dinner on 
riday, July 27, 1990. Continental Breakfast will be 

served at 7:00 a.m. daily in the exhibit area. 


CREDIT 
This course is approved for 17 hours credit in Cate- 
gory 1, toward the CME award in neurosurgery. 


Checks Payable: 
Hilton Head Island Neurosurgical Symposia 


Mail To: 

Hilton Head Island Neurosurgical Symposia 
4 Jackson Boulevard 

Savannah, Georgia 31499-3501 


PALMETTO DUNES HYATT RESORT 


HILTON HEAD ISLAND, SOUTH CAROLINA 
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There is only one organization dedicated solely to fighting 
amyotrophic lateral sclerosis. The ALS Association. 


Its Four Missions: 


Research 
to fund state-of-the-art, innovative ALS research 


Patient Services 
to help ALS patients, their families and caregivers 


Information 
to serve as the national ALS information center 


Education 
to stimulate public support through ALS education 





Together we will 


find the answer. 


AQ] 


The ALS Association 

21021 Ventura Blvd., Suite 321 
Woodland Hills, CA 91364 
818/340-7500 





History of Neurology 


The Suspension Therapy for Tabes Dorsalis 


A Case History of a Therapeutic Fad 


Douglas J. Lanska, MD, James M. Edmonson, PhD 


è The suspension therapy of tabes dor- 
salis was introduced by Motschutkovsky 
in 1883, popularized by Charcot and Gilles 
de la Tourette in 1889, and subsequently 
rapidly and widely disseminated on the 
basis of enthusiastic case series. Dissem- 
ination was facilitated by endorsements of 
eminent neurologists, widespread public- 
ity in professional journals and lay press, 
and the apparent simplicity and safety of 
the procedure. However, increasingly crit- 
ical reports appeared, indicating much 
lower success rates, frequent postproce- 
dure deterioration, and occasional serious 
complications. The disparity between 
early and later studies resulted from a pla- 
cebo effect, from disregard of the natural 
history of the condition, from misdiagno- 
sis, and from biased observation and re- 
porting. By the end of 1890, the procedure 
was largely abandoned, despite propo- 
nents’ attempts to modify the technique or 
to identify a more responsive subgroup of 
patients. 

(Arch Neurol. 1990;47:701-704) 


n the 1880s, tabes dorsalis was a 
poorly understood degenerative 
neurologic disease with no effective 
therapy. Despite the determined and 
varied efforts of the period’s best neu- 
rologists, affected individuals suffered 
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from paroxysmal attacks of “lightning 
pains,” progressive ataxia, inconti- 
nence, impotence, urinary tract infec- 
tions, and blindness. Fournier’s! claim 
that previous syphilis caused tabes 
was hotly debated; in any case, avail- 
able antisyphilitic therapies (mercury 
and potassium iodide) generally failed 
to produce any apparent improvement. 
Numerous other therapies were advo- 
cated, including thermal baths, sulfur 
baths, “hydrotherapeutics” (the “cold- 
water cure”), electrotherapeutics (gal- 
vanic and faradic stimulation), surgi- 
cal nerve stretching, cauterization of 
the back,” and various “internal reme- 
dies” (silver nitrate, phosphorus, cod 
liver oil, etc),** but none provided any 
sustained benefit. 

In 1889, against a background of 
therapeutic failures, Charcot? popu- 
larized the suspension therapy for 
tabes dorsalis. This therapy was rap- 
idly disseminated on the basis of en- 
thusiastic case series, subsequently 
shown to be ineffective as well as 
potentially harmful, and rapidly aban- 
doned. The lessons of the suspension 
therapy are appropriate to many con- 
temporary therapies for degenerative 
neurologic diseases. 


MOTSCHUTKOVSKY 


Motschutkovsky’ of Odessa, Russia, 
introduced the suspension treatment 
of tabes dorsalis in 1883. For these 
suspensions, Motschutkovsky adapted 
Sayre’s® apparatus for the application 
of plaster jackets in individuals with 
scoliosis. Motschutkovsky began with 
suspensions of 1 to 2 minutes, increas- 
ing them gradually to 10 minutes. 
These suspensions were performed 


usually every second or third day until 
a total of 50 to 100 suspensions were 
given. 

In his article in the Russian journal 
Wratch, Motschutkovsky detailed the 
results of treatment by suspension of 
12 patients with tabes and 5 patients 
with amyotrophic lateral sclerosis, sci- 
atica, or myelitis. Dramatic results 
were reported in all but 2 of the tabetic 
cases, mostly in terms of an increase in 
libido and a decrease in pain, pares- 
thesias, and ataxia. In no patient was 
there a return of the knee jerk or any 
change in vision. 

Motschutkovsky’ tentatively offered 
several possible mechanisms for the 
dramatic effects of suspension: 


From these meager data it is, of course, im- 
possible to come to any conclusion as to the 
reason suspension does good; nor is it clear 
why it should prove most useful in the 
treatment of tabes.... Suspension might 
be supposed to act by effecting dynamic 
changes in the peripheral nerves after their 
emergence from the vertebral foramina. ... 
[In addition] we have seen that during sus- 
pension the blood pressure is increased; the 
blood vessels are at the same time 
stretched. May it not be that these changes 
increase the activity of the circulation in 
those vessels of the cord, which are as yet 
unaffected? 


Motschutkovsky’ 
cluded: 


I am, of course, far from claiming that 
tabetics can be cured by means of suspen- 
sion. ... The sole purpose of this paper is to 
register results obtained in the treatment 
of one of the most painful and hitherto most 
hopeless of all diseases. I look forward to 
far more extended and varied investiga- 
tions in order that the general applicability 
and definitive value of the method here de- 
scribed be brought into the light and inves- 
tigated with scientific certainty. 


cautiously con- 
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CHARCOT AND GILLES DE LA 
TOURETTE 


Despite Motschutkovsky’s dramatic 
findings, his report failed to attract 
notice until the suspension treatment 
was investigated by Charcot and Gilles 
de la Tourette. Charcot and Gilles de la 
Tourette began experimenting with 
the suspension therapy in October 
1888, after hearing of Motschut- 
kovsky’s results from a French physi- 
cian traveling in Russia.2” 

Charcot and Gilles de la Tourette 
suspended patients every other day 
(Figure), increasing the duration 
gradually from 30 seconds to 3 to 4 
minutes. Of the initial 18 patients, 14 
improved “to varying degrees, an im- 
provement which for 8, in particular, 
was completely remarkable.”? The 
other 4 patients were unavailable for 
follow-up or received less than 3 ses- 
sions of suspension. After the first 
session, patients could stand more eas- 
ily and walk without assistance. Ini- 
tially, the improvement lasted only 2 
or 3 hours, but was eventually sus- 
tained after 8 or 10 sessions. With con- 
tinued therapy, Romberg’s sign disap- 
peared, bladder function improved, 
lightning pains and sensory distur- 
bances attenuated, and sexual desire 
and capacity returned. In no case, how- 
ever, did the knee jerk return or the 
pupillary reaction become normal. 

By March of 1889, Charcot and Gilles 
de la Tourette had treated 114 cases of 
tabes with this therapy. Of 50 who 
received a “sufficient number of treat- 
ments,” 38 (76% ) improved. Some im- 
provement was also reported in sev- 
eral cases of Friedreich’s ataxia, two 
cases of “sexual failure,” one case of 
spastic paraplegia, and four cases of 
Parkinson’s disease. 


DISSEMINATION 
Initial Response to Charcot’s Article 


Within months of Charcot’s original 
article, neurologists around the world 
were treating their tabetic patients 
with suspension. According to Gilles 
de la Tourette, “There was no longer in 
France a hydrotherapeutic establish- 
ment, not even a gymnasium, where it 
was not practiced. ...all the patients 
with ataxia were submitted to it.”™ 

Only a year after Charcot’s report, 
an editor commented, “Since Charcot 
took up the suspension treatment of 
tabes...every neurologist in Chris- 
tendom has experimented with it and 
contributed to current literature his 
favorable or unfavorable views as to 
its value.”!? Indeed, in the year follow- 
ing Charcot’s initial report, more than 
20 reports were published on close to 
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In 1889, Charcot popularized suspension for the treatment of tabes dorsalis (from Charcot’). 


300 patients.'° Most of these were small 
case series that reported dramatic re- 
sults. Among the early reports, about 
two thirds of the patients improved, 
while only 3% became worse. Advo- 
cates of the procedure included Eulen- 
berg and Mendel” in Germany, 
Althaus'*> and Stewart in Britain, 
and Mitchell,” Morton, and Dana‘? in 
America. 


Factors Facilitating Dissemination 


A number of factors facilitated the 
rapid and wide dissemination of the 
suspension therapy. 

Endorsement.—As noted by Barsa- 
mian,” “If an ‘authority’ states that [a 
procedure] is effective, then this judg- 
ment is apt to be accepted, especially if 
the [procedure] is also simple and 
safe.” After decades of intense effort 
and numerous therapeutic failures, 
clinicians would have been justifiably 
skeptical if the fantastic results with 
suspension had been reported by any 
less of a neurologist than Charcot. 
Charcot’s stature in the neurologic 
community provided the necessary 
creditability and allayed doubts. The 
creditability of the procedure was bol- 
stered further when, within months of 
Charcot’s report, enthusiastic confir- 
mations were provided by other emi- 
nent neurologists, such as S. Weir 
Mitchell.” 

Publicity.—Motschutkovsky’s report 


in a Russian journal went unnoticed. 
In contrast, Charcot’s? report in 1889 
(and the subsequent translation of 
Motschutkovsky’s article in Brain in ` 
the same year) received widespread 
publicity in professional journals in 
France, Britain, Germany, and 
America.'°”°?! In addition, publications 
in the lay press greatly augmented the 
popular demand for this procedure and 
the professional interest in it. Accord- 
ing to Raoult,” after “the lay press [in 
France] seized hold of the ideal[,] the 
renown of this treatment spread rap- 
idly and numerous sick individuals 
clamored for it.” In America, the situ- 
ation was much the same; as stated by 
Gray,” “The results of the latest neu- 
rologic fad, suspension, [were] first re- 
ally introduced, I am sorry to say, into 
this country by the sensationalism of 
the New York ‘Herald’.” 

Simplicity.—The apparent simplicity 
of the suspension procedure facilitated 
its rapid adoption by a large number of 
physicians. The procedure was also 
easily performed by nonmedical per- 
sonnel or even by the patient. As noted 
by Starr,“ “The apparatus is not ex- 
pensive; it can be put up in any house, 
and a patient can soon learn its details 
sufficiently to have it carried on at 
home by a servant or a member of his 
family.” 

Safety.—The suspension therapy 
was generally well tolerated. Muscu- 
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loskeletal pain in the neck, jaws, and 
back was the most common adverse 
effect, and this was transient. With 
apparently little risk and dramatic 
benefits, what was there to lose in try- 
ing the therapy? As summarized by 
Charcot,’ “In all cases, the treatment 
can be initiated with confidence, be- 
cause it always appears to us to be to- 
tally inoffensive.” 


CONTROVERSY 
Critical Reports 


Gradually, increasingly critical re- 
ports began to appear, including those 
of Bernhardt,” de Jardin Beaumetz, 
Saundvy, Russell and Taylor,” and 
Starr.” For example, in Russell and 
Taylor’s’® experience with 32 patients, 
only 19% improved and 9% became 
worse. Critics also noted a variety 
of serious complications, including 
strangulation deaths,” brachial plexus 
injuries, syncope, vertigo, cerebral 
hemorrhages, and maxillary frac- 
tures. 


Disparity Between Early and 
Later Studies 


A number of factors contributed to 
the initially favorable results and to 
the disparity in outcome between the 
early and later studies. 

Placebo Effect.— A placebo effect was 
undoubtedly augmented by the novelty 
of the method and the imposing appa- 
ratus employed.'*”° According to 
Russell and Taylor,’ a placebo effect is 


likely to be produced by an impressive 
treatment upon patients who, as a rule, 
have tried many remedies, unfortunately, 
in most cases with little success, and who 
are only too willing to clutch at even the 
shadow of a new means of cure. That such 
mental effect is considerable in some cases 
is certain ...[and] that some of the im- 
provement [with suspension] is of this na- 
ture... may be assumed. 


Hirt” similarly concluded that 


The transient improvement [following sus- 
pension] has to be referred to the influence 
of suggestion. The patients hear of a new 
treatment for their incurable disease, they 
subject themselves to it with much pleasure 
and confidence, and by autosuggestion pro- 
duce an improvement in some functional 
impediment (for example, in the ataxy), 
which may be quite marked, but which is 
never lasting. 


Disregard of the Natural History of the 
Condition and Biased Observation.—It 
was well recognized by many students 
of the disease that the lightning pains 
and ataxia varied markedly over time, 
sometimes improving spontaneously 
only to worsen again.**!°3!3?, Russell 
and Taylor” noted that these variable 
symptoms were the symptoms most 
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often reported as improved with sus- 
pension therapy: 
That ataxy varies at different times is well 
known. [In such a patient undergoing sus- 
pension therapy] the subsequent improve- 
ment in gait will be credited to the treat- 
ment, although numerous cases make it 
evident that improvement would follow 
even if nothing were done. 
One interesting report by Churton® 
noted improvement in a patient wait- 
ing for the suspension apparatus to be 
repaired. As recognized by Russell and 
Taylor,’ “Had this case been sus- 
pended, the improvement would natu- 
rally have been ascribed to the suspen- 
sion....” Signs that were generally 
invariable (eg, the Argyll Robertson 
pupil, knee jerk loss, and optic atro- 
phy) were not noted to improve with 
treatment (except for a few poorly 
documented reports questioned even 
by proponents of the procedure). 
Misdiagnosis.—The diagnosis of 
tabes dorsalis was frequently indis- 
criminately applied at the end of the 
19th century.*** Individuals with less 
serious conditions were included 
among the true tabetics, increasing 
the apparent benefit of a therapy ap- 
plied to a series of “cases.” Abadie,” 
for example, commented that, “It is 
not the true ataxics who have derived 
the most benefit, but those who had 
ocular [sic] lesions of indefinite na- 
ture.” Hammond” also noted that 


a great many medicines have been recom- 
mended [for treatment of tabes], numbers 
of cures have been reported. Careful in- 
quiry, however, suffices to show either that 
the alleged cures were merely instances of 
more or less complete remission, or that the 
cases were really not examples of the dis- 
ease in question. 


Biased Reporting.—As noted by Rus- 
sell and Taylor, “With any new treat- 
ment...everyone who gets good re- 
sults will at once be inclined to publish 
them, those who are not so fortunate 
and who are perhaps less sanguine, 
will not have the same eagerness to 
announce their unfavorable results.” 
Russell and Taylor” also noted, “As to 
any great innovation in therapeutics, 
we may be sure that its first year is its 
best. The enthusiasm for it dies down 
later, and the results are no longer 
seen in the rosy light which accompa- 
nies the dawn of any new treatment.” 

Proponents of suspension criticized 
the negative case series, and cited case 
series that supported their views.’ 
They also offered “plausible explana- 
tions” of how suspension produced its 
dramatic results.®!*"* For example, ac- 
cording to Althaus‘: 


part of the influence of suspension, by which 
the spinal cord is efficiently stretched, is 


owing to the breaking down of adhesions 
from chronic meningitis, thus allowing a 
freer transmission of nervous influence 
along the nerve tubes, more especially those 
which run on the surface of the posterior 
columns.... Apart from this, [suspension 
has] a beneficial influence on the medulla 
oblongata, as it stimulates the centres for 
vaso-motor and cardiac action and for di- 
gestion. 


Such explanations were only discarded 
when Gilles de la Tourette and 
Chipault showed by anatomical re- 
search on cadavers that suspension did 
not produce any appreciable lengthen- 
ing of the spinal cord.” 


ABANDONMENT 


By the end of 1890, less than 2 years 
after its dissemination, the suspension 
therapy had joined the ranks of such 
discredited techniques as cautery and 
nerve stretching in the treatment of 
tabes dorsalis. Starr commented in 
1890 that “the disuse into which it has 
fallen... is proof of its inability to re- 
lieve the symptoms. It is now rarely 
employed.” 

As summarized in an editorial in the 
New York Medical Journal in 1890, 


As is often the case with remedies advised 
in incurable diseases, [the suspension ther- 
apy] has had transitory beneficial effects in 
some patients, it has been followed by no 
result whatever in others, and in a few it 
has been productive of evil, and even of fa- 
tal, consequences. A large array of devices 
for the purpose of stretching the spine has 
been placed upon the market, from a mod- 
ification of the medieval inquisitorial rack 
by a Vienna physician to the comparatively 
simple gibbet of Sayre. In many office cor- 
ners, the latter now stands idly by, a mute 
monument to many buried therapeutical 
hopes, or a three-legged mendicant acting 
as an office-servitor.'” 


Despite the overall negative results 
with suspension, many investigators 
clung to the hope that it might benefit 
a subgroup of patients,**? or that al- 
ternatives in technique might prove 


more effective.” The early propo- | 


nents of the procedure and their stu- 
dents were among the last to abandon 
it. Dana,'* for example, continued to 
advocate the procedure into the 1920s: 
In the ninth edition of his Textbook of 
Nervous Diseases, he stated, “I still 
find that suspension by the neck and 
arms is helpful in some cases [empha- 
sis added].” 


COMMENT 


As illustrated by the suspension 
therapy for tabes dorsalis, ineffective 
therapies can be rapidly disseminated 
on the basis of such limited evidence as 
a favorable case series. Case series are 
notoriously susceptible to bias, espe- 
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cially when assessing the effect of a 
given therapy. Indeed, as noted by 
Moses,” “Nearly every discarded, once 
popular therapy was probably sup- 
ported by a series of favorable cases.” 
Other factors that contribute to rapid 
dissemination include endorsement by 
a recognized authority, publicity in 
professional and lay publications, and 
the simplicity and safety of the ther- 


apy. 

The suspension therapy was aban- 
doned largely because of increasingly 
critical case series and accumulating 
anecdotal reports of serious complica- 
tions. These reports were not inher- 
ently better than the reports that led 
to dissemination of the therapy, but 
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the later studies more carefully dealt 
with potential biases. Learning from 
such experience is obviously possible, 
but the process is “fraught with diffi- 
culty, uncertainty, and error.’ In- 
deed, before the suspension therapy 
was abandoned, tremendous effort and 
expense were incurred, thousands of 
patients were treated, many suffered 
complications including death from 
strangulation, and scores of conflict- 
ing reports appeared in the medical 
literature. 

A well-designed controlled trial 
would have minimized or eliminated 
these problems. Fewer patients and 
investigators would have been neces- 
sary to evaluate the effectiveness of 
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Blood Pressure Fluctuations in the Dysautonomia of 
Guillain-Barré Syndrome 


Allan H. Ropper, MD, Eelco F. M. Wijdicks, MD 


e A 76-year-old man with severe Guil- 
lain-Barré syndrome had extremes of hy- 
potension alternating with hypertension. 
His blood pressure paralleled both sys- 
temic vascular resistance and cardiac out- 
put. Heart rate, rather than stroke volume, 
was the major determinant of cardiac out- 
put over a wide range of blood pressures. 
It was at times invariant for several hours 
and was unresponsive to carotid massage 
or respiratory cycles, but slowed slightly 
with each episode of hypotension. Trend 
monitoring indicated that hypotension 
preceded reductions in pulmonary artery 
diastolic pressure. These findings suggest 
that hypotension resulted from a vaso- 
depressor response with a vagotomized 
heart and that hypertension was the result 
of increased sympathetic activity. Both 
extremes were caused by parallel changes 
in vascular resistance and heart rate. Dys- 
function of baroreflex buffering may have 
accounted for the rapid swings in pres- 
sure. 

(Arch Neurol. 1990;47:706-708) 


W idespread peripheral nerve demy- 

elination in Guillain-Barré syn- 
drome (GBS) may affect autonomic 
fibers. Involvement of vagal, glos- 
sopharyngeal, and preganglionic 
sympathetic nerves results in dysau- 
tonomia, including fluctuations in 
blood pressure (BP) and pulse rate. 
Previous investigators, in attempting 
to explain the cause of paroxysmal BP 
changes by means of hemodynamic 
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measurements using a Swann-Ganz 
catheter, have concluded that reduc- 
tion in preload was mainly responsible 
for hypotension.'? In some studies, 
without vascular resistance measure- 
ments, hypertension has been attrib- 
uted to increased cardiac output (CO) 
from a hypersympathetic state.>“ 

We continuously monitored BP, 
heart rate, and pulmonary artery pres- 
sure, and made frequent hemodynamic 
measurements for 5 days in a patient 
with GBS and severe dysautonomia. 
This patient had the most severe car- 
diovascular dysautonomia among the 
116 patients with GBS who were ad- 
mitted to our neurological/neurosur- 
gical intensive care unit during the 
years 1979 to 1988. Based on this study 
of the changes in CO, systemic vascu- 
lar resistance (SVR), and cardiac fill- 
ing pressures during extreme BP fluc- 
tuations, we derived somewhat differ- 
ent conclusions from prior reports. 


REPORT OF A CASE 


A 76-year-old man, without previous hy- 
pertension, had profuse watery diarrhea 4 
days prior to admission. Two days later he 
awakened with difficulty in breathing and 
left arm numbness, followed by right-sided 
facial weakness and bilateral ptosis. He had 
dysarthria; facial and oropharyngeal weak- 
ness; slightly irregular, unreactive, 3-mm- 
diameter pupils; and absent eye move- 
ments. Motor and sensory examination ini- 
tially showed minimal distal weakness, 
areflexia, normal sensory findings, and Ba- 
binski’s sign on the left (known to be 
present 2 years earlier). 

The next day the patient became virtu- 
ally quadriplegic and was intubated. He 
could signal by wiggling his foot and nod- 
ding weakly. Foot sweating was absent, and 
urinary retention and ileus subsequently 
developed. 


Cerebrospinal fluid protein concentra- 
tion was 0.1 g/L, with no cells. Stool culture 
yielded Campylobacter jejuni. Electrodiag- 
nostic testing showed markedly decreased 
compound muscle action potential ampli- 
tudes, absent F responses, and absent sural 
and median sensory nerve potentials. There 
were no fibrillation potentials. The sympa- 
thetic skin response was absent. 

The patient’s BP fluctuated greatly, with 
as many as 10 to 15 episodes daily of severe 
hypertension and hypotension. Episodes of 
sustained hypertension lasted 10 to 70 min- 
utes, and periods of hypotension, several to 
20 minutes (Fig 1). The range of mean BP 
was 40 to 170 mm Hg, sometimes changing 
from one extreme to the other within 2 
minutes. The patient was often unrespon- 
sive during severe hypotension. 

Electrocardiographic trend monitoring 
showed a virtually fixed heart rate for sev- 
eral hours, usually approximately 70 or 100 
beats per minute, but there was always 
slight slowing during each episode of hy- 
potension (Fig 1). Heart rate was unaltered 
by carotid massage, 1 mg of intravenous 
atropine sulfate, spontaneous deep breath- 
ing, or ventilator cycles. Precipitous hy- 
potension was occasionally preceded by tra- 
cheal suctioning or bladder manipulation, 
whereas agitation or discomfort was often 
associated with severe hypertension. There 
were several episodes of brief supraventric- 
ular tachycardia with ventricular re- 
sponses of up to 120 beats per minute, un- 
related to medications. Oxygen saturation 
and electrolyte levels remained normal dur- 
ing these episodes. 

Sustained episodes of hypotension with 
mean BP below 70 mm Hg were treated in- 
termittently with phenylephrine hydro- 
chloride infusions; and severe hyperten- 
sion, with intravenous sodium nitroprus- 
side. Blood pressure instability precluded 
plasma exchange, and the patient received 
methylprednisolone sodium succinate for 5 
days. 

Two months after onset, BP lability 
slowly resolved, first becoming less fre- 
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quent, then less severe. There was one epi- 
sode of ventricular tachycardia. Recovery 
of limb strength and eye movements fol- 
lowed over the subsequent 2 months. 


HEMODYNAMIC MEASUREMENTS 


Right ventricular pressures, mea- 
sured when the Swann-Ganz catheter 
was withdrawn, were normal (21/7 
mm Hg). The pulmonary artery dias- 
tolic pressure was consistently 2 to 4 
mm Hg above capillary wedge pres- 
sure. Serial 12-lead electrocardio- 
grams were unchanged, and creatine 
kinase concentrations were normal. 

We determined CO with a thermodi- 
lution technique 14 times during 6 
days, over a wide range of BPs (Table). 
Three measurements taken over 3 to 5 
minutes were averaged when BP was 
stable and unaltered by drugs; SVR 
was computed from CO, central venous 
pressure, and mean BP (Table). 

Despite parallel fluctations between 
pulmonary artery pressure and sys- 
temic BP, trend monitoring demon- 
strated that cardiac filling pressures 
lagged behind changes in BP and pulse, 
and were apparently the result of a 
drop in CO rather than its primary 
cause (Fig 1). In addition, the absolute 
values of pulmonary artery diastolic 
pressure measured during hypoten- 
sion were above 6 mm Hg and often 
above 12 mm Hg, not low enough alone 
to explain most episodes of reduced 
CO. 

Mean BP correlated well with SVR 
and with CO (r = .86 and .85, respec- 
tively, Fig 2). Pulse, rather than stroke 
volume, was the major determinant of 
CO in these measurements (r = .69 for 
CO vs pulse, and r= .88 for CO vs 
stroke volume). As expected from the 
Starling mechanism, CO varied with 
central filling pressures only during 
hypotension (7 = .81 for CO vs pulmo- 
nary artery diastolic pressure, for 
seven measurements when mean BP 
was below 85 mm Hg), although, as 
noted above, filling pressure dropped 
after CO. 

Plasma norepinephrine and epi- 
nephrine concentrations were elevated 
during an episode of hypertension 
(4.17 nmol/L and 1350 pmol/L, respec- 
tively; mean BP, 120 mm Hg) and hy- 
potension (4.05 nmol/L and 850 pmol/ 
L, respectively; mean BP, 40 mm Hg). 


COMMENT 


This case of severe cardiovascular 
dysautonomia offered an opportunity 
to study the physiologic causes of ex- 
treme BP fluctuations in GBS. Others 
have suggested that hypotension in 
GBS was a consequence of decreased 
venous return to the heart,'’ but our 
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Fig 1.—Three-hour continuous trend monitoring of heart rate (HR) measured in beats per minute 
[bpm], blood pressure (BP), and pulmonary artery pressure (PAP) on the second hospital day. S, 
M, and D on the right side of the pressure panels refer to systolic, mean, and diastolic pressures, 
respectively. Blood pressures above 200 mm Hg are truncated. The PAP can be seen to drop 
slightly later than the BP. The apparent extreme drop in pulmonary artery diastolic pressure at 840 
hours and the rise in systolic pressure at 920 hours are artifactual. 


Hemodynamic Measurements in Severe Cardiovascular Dysautonomia Over 6 Days* 


SVR, 
MAP, mm Hg/L Heart Rate, CO, PADP, 
Measurements Time mm Hg per min bpm L/min mm Hg 











* MAP indicates mean arterial pressure; SVR, systemic vascular resistance; CO, cardiac output; and PADP, 
pulmonary artery diastolic pressure. 
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Fig 2.—Hemodynamic measurements taken 14 
mm Hg mean arterial pressure (MAP); r = .86 for 


r = .85 for cardiac output (CO) vs MAP. 


trend recordings showed that central 
venous and pulmonary artery pres- 
sures declined, in part, as a passive re- 
sult of hypotension. Moreover, pulmo- 
nary artery diastolic pressures were 
generally not low enough to cause 
severely reduced stroke volumes. The 
patient carefully studied by Dalos et 
al? similarly had wedge pressures 
above 8 mm Hg during severe hypoten- 
sion. Blood pressure in our patient was 
most closely related to SVR over a wide 
range of pressures, but it also varied 
with CO. Pulse was the major deter- 
minant of CO, especially during hyper- 
tension. We therefore concluded that 
hypotension and hypertension were 
predominantly the result of changes in 
SVR and paradoxical, parallel changes 
in pulse rate. 

The absence of tachycardia in re- 
sponse to hypotension, atropine, or ca- 
rotid sinus massage demonstrated at 
least partial functional cardiac dener- 
vation in our patient. Heart rate was 
almost invariant for periods of several 
minutes to hours, but, similar to the 
patient of Dalos et al,? there was a 
slight reduction in heart rate with 
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times during 6 days, over a range of 45 to 140 
systemic vascular resistance (SVR) vs MAP and 


each episode of hypotension. These si- 
multaneous reductions in SVR and 
heart rate suggested that a vasode- 
pressor response caused hypotension, 
with the expected bradycardia appar- 
ently muted by cardiac denervation. 
Many episodes of hypotension in our 
patient, and in Dalos and coworkers’ 
patient, were associated with vago- 
tonic stimuli such as suctioning, blad- 
der manipulation, or vascular catheter 
insertion; others were spontaneous or 
the vagal stimulus was not evident. 
Most instances of sustained hyper- 
tension in our patient followed an ep- 
isode of hypotension and may have 
been due to compensatory rebound 
sympathetic activity, perhaps through 
an increase in plasma catecholamines. 
Elevated concentrations of plasma 
catecholamines have been found in 
other hypertensive GBS patients with- 
out episodes of hypotension.’ Even if 
the vagal and sympathetic neural ef- 
fector limbs for bradycardia and 
tachycardia were damaged, as they 
were in our patient, increased circu- 
lating catecholamines could theoreti- 
cally have raised SVR and heart rate. 


In our patient, however, catechola- 
mine concentrations were elevated 
during both extremes of BP and were 
therefore unlikely alone to have ac- 
counted for hypertension. We did not 
obtain enough measurements to deter- 
mine if there was a constant hyper- 
sympathetic state that was intermit- 
tently obscured by a vasodepressor re- 
sponse. 

The extreme response to vasode- 
pressor episodes and the rapid fluctu- 
ations between extremes of BP were 
difficult to explain in our patient, par- 
ticularly when they occurred indepen- 
dently of drug administration. We 
hypothesize that they were the result 
of failure of baroreflex buffering mech- 
anisms, as demonstrated in patients 
with GBS by Tuck and McLeod.’ Sen- 
sitive baroreceptors in the aortic arch 
and carotid arteries normally buffer 
BP changes by changing the firing rate 
of efferent vagal neurons and altering 
sympathetic tone to the heart and pe- 
ripheral vessels.’ We observed that 
wide fluctuations in BP could occur at 
several different levels of relatively 
fixed heart rates, further suggesting 
that buffering mechanisms were in- 
adequate. Since dysautonomia is 
usually associated with severe GBS 
and presumably with widespread in- 
flammatory lesions in peripheral 
nerves, different mechanisms may 
acount for autonomic changes in other 
patients. 


Bradley Truax, MD, University of Buffalo (NY), 
offered helpful advice in the interpretation of he- 
modynamic data. Bart Chernow, MD, Massachu- 
setts General Hospital, Boston, kindly arranged 
the catecholamine determinations. 
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When your Parkinsons 
disease patient experiences 
symptom breakthrough 
on a levodopa/carbidopa 
regimen, its 


) TIME FOR 
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(bromocriptine mesylale) 


BETTER TOMORROWS START TODAY 
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A SANDOZPHARMACEUTICALS 


Corporation, E. Hanover, NJ 07936 (201) 503-7500 


When Parkinson’s symptoms 
break through it’s time for 


Parlodel 





(bromocnpine mesylate} 


PARLODEL® 
SnapTabs™ (bromocriptine mesylate) TABLETS, USP 
(bromocriptine mesylate) CAPSULES 


INDICATIONS AND USAGE 

Parkinson’s Disease 

Parlodel® (bromocriptine mesylate) SnapTabs™ or capsules are indicated in the 
treatment of the signs and symptoms of idiopathic or postencephalitic Parkinson's 
disease. As adjunctive treatment to levodopa (alone or with a peripheral decar- 
boxylase inhibitor ), Parlodel® (bromocriptine mesylate) therapy may provide addi- 
tional therapeutic benefits in those patients who are currently maintained on optimal 
dosages of levodopa, those who are beginning to deteriorate (develop tolerance) to 
levodopa therapy, and those who are experiencing “end of dose failure” on levodopa 
therapy. Parlodel® (bromocriptine mesylate) therapy may permit a reduction of the 
maintenance dose of levodopa and, thus, may ameliorate the occurrence and/or 
severity of adverse reactions associated with long-term levodopa therapy such as ab- 
normal involuntary movements (e.g., dyskinesias ) and the marked swings in motor 
function (“on-off” phenomenon). Continued efficacy of Parlodel® (bromocriptine 
mesylate) therapy during treatment of more than two years has not been established. 


Data are insufficient to evaluate potential benefit from treating newly diagnosed 
Parkinson's disease with Parlodel® (bromocriptine mesylate). Studies have shown, 
however, significantly more adverse reactions (notably nausea, hallucinations, con- 
fusion and hypotension) in Parlodel® (bromocriptine mesylate) treated patients than 
in levodopa/carbidopa treated patients. Patients unresponsive to levodopa are poor 
candidates for Parlodel® (bromocriptine mesylate) therapy. 


CONTRAINDICATIONS 
Uncontrolled hypertension, toxemia of pregnancy, sensitivity to any ergot alkaloids. 


WARNINGS 

Since hyperprolactinemia with amenorrhea/galactorrhea and infertility has been 
found in patients with pituitary tumors a complete evaluation of the pituitary is indi- 
cated before treatment with Parlodel® (bromocriptine mesylate). 


If pregnancy occurs during Parlodel® (bromocriptine mesylate) administration, 
careful observation of these patients is mandatory. Prolactin-secreting adenomas may 
expand and compression of the optic or other cranial nerves may occur, emergency 
pituitary surgery becoming necessary. In most cases, the compression resolves 
following delivery. Reinitiation of Parlodel® (bromocriptine mesylate) treatment has 
been reported to produce improvement in the visual fields of patients in whom 


- herve compression has occurred during pregnancy. The safety of Parlodel® (bromo- 
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criptine mesylate ) treatment during pregnancy to the mother and fetus has not been 
established. 


Symptomatic hypotension can occur in patients treated with Parlodel® (bromocrip- 
tine mesylate) for any indication. 


Long-term treatment (6-36 months) with Parlodel® (bromocriptine mesylate) in 
doses ranging from 20-100 mg/day has been associated with pulmonary infiltrates, 
pleural effusion and thickening of the pleura in a few patients. In those instances in 
which Parlodel® (bromocriptine mesylate ) treatment was terminated, the changes 
slowly reverted towards normal. 


PRECAUTIONS 

General 

Safety and efficacy of Parlodel® (bromocriptine mesylate) have not been established 
in patients with renal or hepatic disease. Care should be exercised when administer- 
ing Parlodel® (bromocriptine mesylate) therapy concomitantly with other medica- 
tions known to lower blood pressure. 


Parkinson's Disease 
Safety during long-term use for more than two years at the doses required for parkin- 
sonism has not been established. 


As with any chronic therapy, periodic evaluation of hepatic, hematopoietic, cardiovas- 
cular, and renal function is recommended. Symptomatic hypotension can occur and, 
therefore, caution should be exercised when treating patients receiving antihyper- 
tensive drugs. 


High doses of Parlodel® (bromocriptine mesylate) may be associated with confusion 
and mental disturbances. Since parkinsonian patients may manifest mild degrees of 
dementia, caution should be used when treating such patients. 


Parlodel® (bromocriptine mesylate) administered alone or concomitantly with 
levodopa may cause hallucinations (visual or auditory). Hallucinations usually 
resolve with dosage reduction; occasionally, discontinuation of Parlodel® (bromo- 
criptine mesylate ) is required. Rarely, after high doses, hallucinations have persisted 
for several weeks following discontinuation of Parlodel® (bromocriptine mesylate). 


As with levodopa, caution should be exercised when administering Parlodel® 
(bromocriptine mesylate) to patients with a history of myocardial infarction who 
have a residual atrial, nodal, or ventricular arrhythmia. 


Retroperitoneal fibrosis has been reported in a few patients receiving long-term 
therapy (2-10 years) with Parlodel® (bromocriptine mesylate) in doses ranging from 
30 to 140 mg daily. 


DRUG INTERACTIONS 

Lack or decrease in efficacy may occur in patients receiving Parlodel® ( bromocrip- 
tine mesylate) when they are treated concurrently with drugs which have dopamine 
antagonist activity e.g. phenothiazines, butyrophenones. This may be a problem par- 
ticularly for patients treated with Parlodel® (bromocriptine mesylate) for macro- 
adenomas. Although there is no conclusive evidence demonstrating interactions be- 
tween Parlodel® (bromocriptine mesylate) and other ergot derivatives, the concomi- 
tant use of these medications is not recommended. 


ADVERSE REACTIONS 

Parkinson's Disease 

In clinical trials in which bromocriptine was administered with concomitant reduc- 
tion in the dose of levodopa/carbidopa, the most common newly appearing adverse 
reactions were: nausea, abnormal involuntary movements, hallucinations, confu- 
sion, “on-off” phenomenon, dizziness, drowsiness, faintness/fainting, vomiting, as- 
thenia, abdominal discomfort, visual disturbance, ataxia, insomnia, depression, 
hypotension, shortness of breath, constipation, and vertigo. 


Less common adverse reactions which may be encountered include: anorexia, anxi- 
ety, blepharospasm, dry mouth, dysphagia, edema of the feet and ankles, erythro- 
melalgia, epileptiform seizure, fatigue, headache, lethargy, mottling of skin, nasal 
stuffiness, nervousness, nightmares, paresthesia, skin rash, urinary frequency, uri- 
nary incontinence, urinary retention, and rarely, signs and symptoms of ergotism 
such as tingling of fingers, cold feet, numbness, muscle cramps of feet and legs or 
exacerbation of Raynaud's Syndrome. 


Abnormalities in laboratory tests may include elevations in blood urea nitrogen, 
SGOT, SGPT, GGPT, CPK, alkaline phosphatase and uric acid, which are usually tran- 
sient and not of clinical significance. 


DOSAGE AND ADMINISTRATION 

General 

It is recommended that Parlodel® (bromocriptine mesylate) be taken with food. Pa- 
tients should be evaluated frequently during dose escalation to determine the lowest 
dosage that produces a therapeutic response. 


Parkinson’s Disease 

The basic principle of Parlodel® (bromocriptine mesylate) therapy is to initiate treat- 
mentat a low dosage and, on an individual basis, increase the dail, dosage slowly 
until a maximum therapeutic response is achieved. The dosage of levodopa during 
this introductory period should be maintained, if possible. The initial dose of 
Parlodel® (bromocriptine mesylate) is /2 ofa 2⁄2 mg SnapTab™ twice daily with 
meals. Assessments are advised at two week intervals during dosage titration to en- 
sure that the lowest dosage producing an optimal therapeutic response is not ex- 
ceeded. If necessary, the dosage may be increased every 14 to 28 days by 21⁄2 mg per 
day with meals. Should it be advisable to reduce the dosage of levodopa because of 
adverse reactions, the daily dosage of Parlodel® (bromocriptine mesylate), if in- 
creased, should be accomplished gradually in small (2⁄2 mg) increments. 


The safety of Parlodel® (bromocriptine mesylate) has not been demonstrated in dos- 
ages exceeding 100 mg per day. 


HOW SUPPLIED 

SnapTabs™ , 21⁄2 mg 

Round, white, scored SnapTabs™, each containing 2⁄2 mg bromocriptine (as the 
mesylate) in packages of 30 (NDC 0078-0017-15) and 100 (NDC 0078-0017-05). 
Embossed “PARLODEL 22” on one side and scored on reverse side. 


Capsules, 5 mg 

Caramel and white capsules, each containing 5 mg bromocriptine (as the mesylate) 
in packages of 30 (NDC 0078-0102-15) and 100 (NDC 0078-0102-05). Imprinted 
“PARLODEL 5 mg” on one half and “4” on other half., 


PAR-Z20 7/15/88 





Adverse reactions reported with PARLODEL® (bromocriptine mesylate) are 
similar to those of levodopa; however, significantly more nausea, hallucina- 
tions, confusion and hypotension have been reported in patients treated with 
PARLODEL therapy. Many of these side effects can be ameliorated with dosage 
adjustments. 


SANDOZPHARMACEUTICALS 
Corporation, E. Hanover, NJ 07936 (201) 503-7500 


© 1989 Sandoz Pharmaceuticals Corporation PAR-188-15R 1/89 


TEC JAN DELW Redefining the shape of EEG 


In 1924 Hans Berger first 
recorded the electrical activity 
of the brain. EEG was born. 
Instruments were designed and 
developed, but from the mid 
50’s—almost 35 years— 
technology and equipment have 
remained the same ...Until 
now! As a new decade dawns, 
TECA introduces the DG32— 
the next dimension in EEG. 


The DG32 offers a variety 
of improved features and 
revolutionary techniques ... 
optical disc storage 
dramatically reduces storage 
needs and allows easy 
remontaging and reformatting; 
high resolution thermal 
printing eliminates mess and 
the need to recalibrate; 
comprehensive reporting 
capabilities; state of the art 
controls and ergonomic design. 


The TECA DG32 is truly 
a breakthrough for EEG 
technology. Developed and 


manufactured in the USA by 
TECA Corporation—a leader 
in the neurodiagnostic industry, 
providing a full line of 
accessories and supplies, and 
backed by a nationwide net- 
work of service and support. 


TECA CORPORATION Three Campus Drive, Pleasantville, NY 10570 


(914) 769-5900 e 1-800-GET-TECA e» FAX: (914) 769-9045 
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Classified Advertising ———— 


Box 











CLASSIFIED 
INFORMATION 


Regular Classified 1 Time 3Times 

or more“ 
Cost per word $ .95 $ .85 
Minimum 20 words. per issue 


“In order to earn the three-time rate. your ad must be placed 
and prepaid at the same time for three or more issues. 


Classified Display 1 Time 3Times 
Full page $520 $468 
Two-thirds page 445 400 
One-half page 393 353 
One-third page 312 281 
One-sixth page 208 187 
Column inch 45 40 


Minimum display ad: one column inch 
12-time rate available on request. 


Box Service 


Available for all ads. The cost is $10.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


archives ot 


Neurology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 
For assistance with your ad schedule call toll free: 


National 800-237-9851 
Florida 800-553-8288 O Local 813-443-7666 





Professional Opportunities 


PRACTICE — CLINICAL NEUROLOGIST to join 
longstanding adult clinical practice in southern 
California. All diagnostic modalities available. Reply 
with CV to: Box #808, c/o AON. 


MINNEAPOLIS/ST. PAUL — Group Health, Inc. is 
seeking a BC/BE neurologist that has a special 
interest in adult care and expertise in EMG proce- 
dures. This position would join a group of four 
neurologists that work in both inpatient and out- 
patient settings. Group Health, Inc. is a staff model 
HMO and one of the largest multi-specialty group 
practices in the midwest. A solid track record of 33 
years of quality care to our members make this a 
premier organization to work for. All physicians are 
compensated with excellent salaries and generous 
benefits. Minneapolis/St. Paul are recognized as 
clean, wholesome communities and were recently 
touted by Savvy Magazine as the best cities in the 
country to raise a family. The communities provide 
excellent schools, countless cultural events, top- 
notch entertainment, numerous recreational activi- 
ties, and a myriad of lakes and parks. If you would 
like further information on this opportunity, please 
send curriculum vitae to: Group Health, Inc., Physi- 
cians Services, 2829 University Avenue Southeast, 
Minneapolis, MN 55414. (612) 623-8777. 





Professional Opportunities 


EXPANDING DYNAMIC neurology practice — 
BC/BE neurologist to join a busy, rapidly growing 
group neurology practice in Virginia suburbs of 
Washington, DC. Excellent opportunity for a com- 
passionate, personable, hard working person to join 
our comprehensive neurodiagnostic team. Subspe- 
cialty training, especially EEG, evoked potentials, 
EMG, or sleep disorders preferred. Teaching and 
faculty appointments available Send CV to: D. 
Hope, Neurology Center of Fairfax, Ltd., 3020 
Hamaker Court, Fairfax, VA 22031. 





NEUROLOGIST: Excellent opportunity for a board- 
certified/board-eligible neurologist to join two exist- 
ing neurologists in a stimulating, busy private prac- 
tice. Marquette General Hospital is a 306-bed 
regional referral center, with a comprehensive neu- 
rophysiology department and state-of-the-art tech- 
nology that includes magnetic resonance imaging 
and CT scanning, and a hospital-based family prac- 
tice residency. Medical students from Michigan 
State University’s College of Human Medicine are 
regularly assigned to the hospital and offer an op- 
portunity for teaching. Marquette General Hospital 
and its medical staff are committed to building a 
center of excellence in the neurosciences and have 
the necessary financial resources. The development 
of these services will require the leadership and 
cooperation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. If this special opportunity is of inter- 
est to you, please forward your curriculum vitae to: 
Daniel Mazzuchi, MD, Director of Physician Serv- 
ices, Marquette General Hospital, Suite 122, Wallace 
Building, 420 West Magnetic Street, Marquette, MI 
49855. 


NEUROLOGIST — Midwest Great Lakes communi- 
ty near Chicago. Position for a clinical neurologist, 
preferably with subspecialty training in either stroke, 
dementia or EEG to join another neurologist in an 
established private practice. Excellent growth 
potential. Early partnership. Outstanding opportu- 
nity. Box #804, c/o AON. 





All classified advertising orders, correspondence and payments should be directed to: Archives of Neurology, P.O. Box 1510, Clearwater, 
Florida 34617. Our telephone numbers are: National 800-237-9851: in Florida 800-553-8288; Local 813-443-7666. Please do not send 
Classified ads, payments or related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about “BOX NUMBER” advertisements: All replies must be in writin 
, C/O AON, P.O. Box 1510, Clearwater, Florida 34617. Weare not 
mail sent in care of Archives of Neurology. 


g and must cite the box number in the ad. Example: 
permitted to divulge the identity of advertisers who wish their 





Professional Opportunities 


CHARLOTTE, NORTH CAROLINA — High quality 
group of five neurologists, all of whom are subspe- 
cialized, seeks to add a highly capable, well-trained 
neuro-oncologist who likes people and has a special 
area of neurologic interest. Contact: Mike Kaufman, 
MD, 126 Cottage Place, Charlotte, NC 28207. Or 
call: (704) 334-7311. 





ORLANDO AREA: Board-certified neurologist for 
office practice and comprehensive examinations 
only. No hospital, ER or surgery. No night or week- 
end work. Please send CV and date of availability to: 
P.O. Box 1003, Goldenrod, FL 32733-1003. 


$150,000 NET GUARANTEE 
SOUTHWESTERN COMMUNITY 
REGIONAL MEDICAL CENTER 


Our client, a 283-bed regional medical cen- 
ter, is seeking two BC/BE neurologists to join 
in close association with their existing 
neurosurgeon. 

The medical center will expedite the start- 
up time by providing all equipment, office 
space, personnel and other cost associated 
with the practice including an attractive finan- 
cial package. 

If you would like further information on this 
opportunity, please call: Michael Stakebake at 
(800) 776-5776. Or send a copy of your curric- 
ulum vitae to: 

CEJKA & COMPANY 


1034 South Brentwood Boulevard 
St. Louis, MO 63117 


















NEUROLOGIST — Excellent opportunity to join the 
staff of the largest and oldest private headache clinic 
in the U.S. In addition to the outpatient facility, a 
35-bed inpatient unit is located at a University of 
Chicago affiliate hospital. In addition to clinical 
practice, the staff actively participates in research 
and publishing. For further information, please con- 
tact: Seymour Diamond, MD, Director, Diamond 
Headache Clinic, 5252 North Western, Chicago, IL 
60625. (312) 878-5558. 


Neurologist 
With Expertise in Epilepsy and EEG 


The Department of Neurology at Long Island Jewish Medical Center is 
recruiting for a full time Neurologist with expertise in EEG and epilepsy. 
The Epilepsy Section includes ambulatory care and an active epilepsy 
surgery program. Soon to be opened will be a four-bed inpatient closed 
circuit T V-cable telemetry unit. Responsibilities include clinical practice, 
clinical research and teaching. Special expertise in antiepileptic drug 


trials and neuropharmacology desirable. Candidates should be BC /BE in 


Neurology and EEG. 


Please send CV to: Neil Schaul, M.D., Director, EEG/EP and 
Epilepsy Section, Department of Neurology, Room 222, LIJMC, 


New Hyde Park, NY 11042. 


Long Island Jewish Medical Center 


Long Island Campus for the Albert Einstein College of Medicine 
Equal Opportunity Employer 





¢ 





Professional Opportunities 


BD ee ee Be ae 
NEUROLOGIST — Multi-specialty group in 
Roanoke, Virginia, with two board-certified, fellow- 
ship trained neurologists seeks third BC/BE neurol- 
ogist. Fellowship training and/or 1-2 years practice 
experience desired. EMG and EEG experience 
desired. MR Scan, CT Scan, EEG, EMG, evoked 
potentials, ENG in place. Reply with CV to: Neurol- 
ogy, Lewis-Gale Clinic, Inc., 1802 Braeburn Drive, 
Salem, VA 24153. 


ILLINOIS 


A board-certified/board-eligible neurologist 
needed to join an eight member Neuroscience 
Division in a 200+ private, multi-specialty group 
associated with the University of Illinois Col- 
lege of Medicine; clinic and adjacent 288-bed 
hospital. Offer full neurologic-radiologic sup- 


portincluding CT and MR scans; subspecialty 
interest welcomed. Liberal fringe benefits and 
early partnership; malpractice coverage pro- 
vided. Write including CV, to: 
Robert C. Parker, Jr., MD 
Assistant to the Chief Executive Officer 


CARLE CLINIC ASSOCIATION 
Urbana, IL 61801 





NEUROLOGIST — Exceptional opportunity on 
Florida Gulf Coast for aggressive individual with 
strong Clinical skills. Varied practice mix, including: 
office and hospital consults, eletromyography, nerve 
conduction studies, legal evaluations, depositions 
and court appearances as an expert witness. Com- 
plete support is provided, including: existing referral 
base, practice set-up, billing and collection service, 
marketing, diagnostic equipment and technologists. 
Unique partnership arrangement offers above aver- 
age earning potential with guaranteed minimum 
base. Reply: Box #806, c/o AON. 





ADULT NEUROLOGIST BC/BE — Quality oriented, 
well established, sophisticated hospital and office 
practice seeks fourth for July 1990 or later. Addi- 
tional neurophysiologic would be an asset. Send CV 
to: 2919 Swann Avenue, Suite 301, Tampa, FL 
33609. 


ADULT NEUROLOGIST: BC/BE to join well 
established neuroscience group in a rapid 
growing community of southern California. 
EEG, EMG and EP skills necessary. Competi- 


tive salary with excellent benefits. Please send 

CV to: Administrator 

Antelope Valley Neuroscience Medical Group 
44902 North 10th Street West 

Lancaster, CA 93534 è Or call: (805) 945-6931 





CHILD NEUROLOGY — San Francisco Bay area. 
The Division of Neurology of Children's Hospital of 
Oakland is seeking a pediatric neurologist with a 
commitment to patient care and teaching. Chil- 
dren's Hospital is a major regional tertiary referral 
and diagnostic center for northern California with 
192 beds, 110 full-time faculty and a 60-member 
competitive residency training program. Research 
opportunities are available with other divisions of 
pediatrics and the Children's Hospital of Oakland 
Research Institute. Board-eligibility or -certification 
in neurology with special qualification in child neu- 
rology is required. Candidates with expertise in epi- 
lepsy, neonatal neurology, and/or neuro-oncology 
are desirable. Interested applicants should send 
their curriculum vitae to: Majeed Al-Mateen, MD, 
Division of Neurology, Children's Hospital of Oak- 
land, 747 52nd Street, Oakland, CA 94609. 





KANSAS — Board-certified, board-eligible neurol- 
ogist to join child neurologist in rebuilding a three- 
person practice in the largest city in Kansas. Three 
large, well-equipped hospitals available for resident 
and undergraduate medical education. Located in 
clean, progressive community described as the 
franchise capital of the country. Competitive salary 
and benefits available. Send CV to: Richard C. 
Gilmartin, MD, 2620 East Central, Wichita, KS 67214. 





NEUROLOGIST with EEG, EMG and evoked poten- 
tial experience for busy neurology office. Full-time 
position. Heavy Spanish, Oriental (Japanese, Chi- 
nese, Vietnamese and Korean) population. Los 
Angeles area. (213) 733-4891. 












Professional Opportunities 


CHARTER MEDICAL CORPORATION is seeking 
BC/BE neurologists in various locations throughout 
the U.S. Guaranteed salary/income plus incentives 
and benefits provided for group, associate or solo 
practices. Urban, suburban and rural locations. Call 
Donna Gabel at (800) 841-9403 for further informa- 
tion. Orsend CV to: P.O. Box 209, Macon, GA31298. 


PROGRESSIVE NATIONALLY known and fully 
accredited group medical practice specializing in 
head pain disorders, psychophysiological and 
behavioral illness, and general neurology seeks an 
energetic, personable, highly communicative clini- 
cal neurologist (BC/BE) to join fellow neurologists, 
internists, P.A., PhD psychologists, and clinical staff 
nurses in private neurological center. In addition to 
its free-standing outpatient location, group admits 
to its own 16-bed inpatient service in private hospi- 
tal. Clinical research and teaching opportunities 
available. Excellent living environment in highly 
regarded university community with superb recrea- 
tional, cultural and educational activities. Opportu- 
nities for advancement commensurate with motiva- 
tion, skill and achievement. CV to: Joel R. Saper, 
MD, F.A.C.P., Michigan Head-Pain & Neurological 
Institute, 3120 Professional Drive, Ann Arbor, MI 
48104. 








NEUROLOGIST 


BC/BE to fill unexpected vacancy in Boise, 
Idaho. Candidate needs to be soundly trained, 
team-oriented and committed to quality care 
in an area emphasizing family life and an out- 
doors lifestyle. Practice is highly diverse. 
Epilepsy subspecialty, if interested. Suitable 
candidates please send CV to: 

Box #809, c/o AON 


BC/BE ADULT NEUROLOGIST, with expertise in 
EEG, wanted to join a BC adult neurologist in a 
44-physician multi-specialty group in a southern 
Wisconsin college town. Please send CV to: J.F. 
Ruethling, Administrator, Beloit Clinic, S.C., 1905 
Huebbe Parkway, Beloit, WI 53511. Telephone: 
(608) 364-2200. 


Neurosurgeon 
North Carolina 


BE/BC to join 
thriving practice. No 
competition, close 
to coast, excellent 
schools, academic 
affiliations available, 
net guarantee bene- 
fits, no buy in, no 
HMOs. 300+ bed 
hospital. Good 
shopping and major 
city access 
available. 


Steve George 
Tyler & Company 
(800) 333-3910 





Pe! Pe i 
HOLT ¥ KROCK CLINIC 


NEUROSURGEON 


BC/BE neurosurgeon to join 
established 95-physician multi- 
specialty clinic located in 
beautiful northwest Arkansas. 
Holt-Krock Clinic is the 33rd 
largest free-standing clinic in 
the nation serving a patient 
base of 400,000 in Arkansas 
and Oklahoma. 





We offer a relaxed, patient- 
oriented practice setting and a 
guaranteed salary with full 


partnership in two to two and a 
half years, plus excellent fringe 
benefits. 680-bed hospital and 
new rehabilitation hospital two 
blocks from main clinic. 


For details regarding this 


opportunity, send letter and 
CV to: 


Mrs. Josephine Decker 
Associate Administrator 


HOLT-KROCK CLINIC 
1500 Dodson Avenue 
Fort Smith, AR 72901 

(501) 782-2071 





IMMEDIATE OPENING 
FORA 


GENERAL 
NEUROLOGIST 


Private practice opportunity avail- 
able immediately in east Tennessee 
with a well established neurologic 
practice. 


Candidate should be BE/BC with 
competence in EEG, EMG and 
evoked potentials. Compensation 
individually negotiable. Excellent 
benefits also included. There is a 
wide variety of recreational facilities 
also available in the area. 


Please submit CV to: 


EAST 
TENNESSEE 
NEUROLOGY 
CLINIC 


Suite 501 
Baptist Professional 
Building 
Knoxville, TN 37920 
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Professional Opportunities 


PHYSICIAN OPPORTUNITIES IN ARIZONA: Thomas- 
Davis Medical Centers, P.C., a rapidly expanding 
multi-specialty group practice of 110 plus physi- 
cians in Tucson, Green Valley, and Tempe, Arizona, 
has neurology positions available in Tucson. Excel- 
lent fringe benefits and profit sharing program. 
Guarantee for first two years, plus incentive. Early 
shareholder. Fee-for-service, as well as owned 
HMO. Must be board-eligible or -certified. Call or 
write: James J. Vitali, Chief Executive Officer, 
Thomas-Davis Medical Centers, P.C., P.O. Box 
12650, Tucson, AZ 85732. (602) 322-2525. 





BUCKS COUNTY, PENNSYLVANIA — Position 
available in this beautiful, southeastern Pennsy!- 
vania location for a BE/BC neurologist to join two 
young colleagues in a growing private practice. All 
diagnostic modalities locally available in this highly 
trained medical community, situated 30 minutes 
from Center City, Philadelphia and less than 90 
minutes from Manhattan. High salary/benefits with 
potential for partnership. Reply: Box #807, c/o AON. 


NEUROLOGIST 


BC/BE, full- or part-time, for expanding San 
Francisco Bay area. Private practice with 
emphasis on clinical occupational neurology 
and med-legal evaluations. Expertise in EMG, 
EEG and EP desired. Excellent reputation, 
referral base, facilities and support staff. 
Unqiue income opportunity. 

Submit CV and letter stating professional 
goals, and availability to: 

PERSONNEL 
2040 POLK STREET, BOX 337 

SAN FRANCISCO, CA 94109 



















SAN FRANCISCO — Outstanding opportunity for 
BC/BE neurologist at 260-bed primary care hospital 
in the growing South of Market area. Excellent op- 
portunity to build practice. Send CV to: Kenneth 
Barnes, MD, Chief of Medicine, c/o Walter Kopp, St. 
Luke's Hospital, 3555 Army Street, San Francisco, 
CA 94110. (415) 641-6543. 


BRAINTREE 
HOSPITAL’S 


Eleventh Annual 
Traumatic 
Head Injury 
Conference 


October 3-5, 1990 


This year’s multi-disciplinary meeting 
will feature innovative rehabilitation 
techniques for the evaluation and 
treatment of head injured individuals. 


Tuition is $475. An early registration 
fee of $455 is offered to those who 
register before August 24. 


For more information or to request 
registration materials, please contact: 


BRAINTREE HOSPITAL 


Public Relations Department 
250 Pond Street 
Braintree, MA 02184 
Or call: 

(617) 848-5353, Extension 2300 








NEUROLOGIST 


Southeast United States 


Modern, well-established 
200-bed hospital located 

in southeastern community 
of 100,000 seeks 

additional neurologist. 


Full range of procedures 
available and immediately 
busy practice. Close to both 
Atlantic Ocean and Gulf of 
Mexico. Full autonomy in 
practice with established 
coverage. Excellent 
guarantee with outstanding 
long-term potential. 


Please send CV to: 






to quality care located in a beautiful section of cen- 
tral Pennsylvania which emphasizes the family- 
oriented lifestyle. Cultural and recreational oppor- 
tunities are within close proximity. Guaranteed 
salary, incentive program, and excellent benefit 
package. Send curriculum vitae to: Ron Fisher, 
Clinic Administrator, Geisinger Medical Group, 300 
Highland Avenue, Lewistown, PA 17044. An equal 
opportunity employer. 










SOUTHEAST COAST — Pediatric neurologist 
needed for busy practice, currently with one pediat- 
ric and two adult neurologists with strong academic 
backgrounds. CT, EEG, EMG, and physical therapy 
available in office; consult practice in three hospi- 
tals. First year guarantee of $80,000 plus bonus, 
leading to full partnership after two years. Earnings 
potential, quality of life, availability of strong multi- 
specialty support are extraordinarily attractive. Reply 
to: Savannah Neurological Associates, P.C., P.O. 
Box 23059, Savannah, GA 31403. 










WISCONSIN — Marshfield Clinic, a multi-specialty 
group practice with 350 physicians, is seeking 
BE/BC neurologists to join expanding regional cen- 
ters. Positions available in two locations: one in 
northwestern Wisconsin within 90 miles of Minne- 
apolis; and one, a group practice of 25 physicians, in 
north central Wisconsin approximately 11% hours 
from Lake Superior. Communities offer exceptional 
recreational, cultural, and educational opportuni- 
ties. An emphasis on quality practice and life-style is 
combined with a total compensation package on 
reaching membership, in excess of $180,000. Start- 
ing salary negotiable. No start-up expense. Send CV 
and references to: David L. Draves, Director Regional 
Development, Marshfield Clinic, 1000 North Oak 
Avenue, Marshfield, WI 54449. Or call collect at: 
(715) 387-5376. 













Michael Ryon 
c/o CEJKA & CO. 
1034 South Brentwood 
Suite 1850 

St. Louis, MO 63117 
Or call: (800) 776-5776 


All replies held in 
strict confidence. 










BC/BE NEUROLOGIST NEEDED — California. 
Excellent opportunity to establish your own private 
practice with no investment, guaranteed income. 
Strong referral base. Proficiency in EEG/EMG 
required. Well equipped, 112-bed, full-service hos- 
pital. Our service area population is now 90,000; a 
growing area with new businesses and stable econ- 
omy. Located in central California near Sequoia 
National Park, Tulare offers an excellent family- 
oriented lifestyle and all expected amenities. Beauti- 
ful homes close to hospital and office are affordably 
priced. Good schools, many community activities 
and abundant recreation including golf, tennis, 
mountain and equestrian activities. Easy access to 
all California's major metropolitan and resort areas. 
Please contact: Tulare District Hospital Physician 
Recruiting Office, P.O. Box 90112, Los Angeles, CA 
90009. (213) 216-2687. 
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AMBULATORY 
EEG SCANNING SERVICE 
For 24-hour EEG recordings by Oxford 9000 
Systems. Same day report upon receipt of tape. 
Call: EEG Department 
DIAGNOSTIC MEDICAL LABORATORIES 
(301) 596-4331 
Room 211, 11085 Little Patuxent Parkway 
Columbia, MD 21044 
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Health Insurance Billing 


Directory 1990-91 Edition 


* Comprehensive Reference Source of Insurance Co. 
Addresses & Phone Numbers. 

e 377 Pages in Easily Readable Font & Style 

* More than 2000 Toll Free Numbers... Pays for itself 

* Tab Marks & Headers... to locate easity 

* Used by Fine University Hospitals around the Nation 


+ Price $29.95 + P&H $4.00 (No P&H if Prepaid) 
HCFA 1500 Continuous Forms 2 parts 


Quantity 1,000 2,000 5,000 10,000 
Price $35 $68 $160 $300 
+ Freight $4 $8 $20 $40 
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21 channel Brain Mapping and Evoked 
Potentials. Lease terminates October 


1992, $1.00 buyout. Call: 


(503) 635-1111 
for further information. 





* Latex Gloves 10 Boxes $20.00 + P&H $6.00 

e CA residents add Sales Tax. 

* Members Save 10% from the above price. Pay 
$100.00 towards ered: fee and get the 
Billing Directory FREE for 4 YEARS. 

* Prepayment required for HCFA 1500 Forms & Gloves 


Send your orders to: 
Doctors Co-op Warehouse 





P.O. Box 18477, Anaheim, CA 92817-8477 
(714) 776-8882 
No One Can Beat Our Prices! 


PLEASE NOTE—Address replies to box number 
ads as follows: Box number, , c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 











Fellowships 


MOVEMENT DISORDER FELLOWSHIP: Two-year 
clinical and laboratory postgraduate training is 
available for neurologists interested in Parkinson's 
disease and other movement disorders. Under 
direction of H.L. Kiawans, C.G. Goetz, C.M. Tanner 
and C.L. Comella, Rush-Presbyterian-St. Luke's 
Medical Center. Contact: C.G. Goetz, 1725 West 
Harrison Street, Chicago, IL 60612. 





TWO CEREBROVASCULAR Disease Fellowships 
are available, one or two years, beginning July 1, 
1990, in the Department of Neurology, Henry Ford 
Hospital. These fellowships offer comprehensive 
training programs in pathophysiology, diagnosis 
and management of cerebrovascular disorders, 
including migraine, within an NIH funded center for 
cerebrovascular disease research. A Javits Junior 
Clinical Investigator Fellowship is available to one 
competitive candidate. The department evaluates 
almost 600 patients with cerebrovascular disease 
yearly, has a stroke and migraine clinic, and a clini- 
cal/clinical research, four-bed acute stroke unit. 
Clinical and basic science research opportunities 
available in: in-vivo NMR spectroscopy of human 
and animal cerebral ischemia, 133-Xenon inhalation 
regional cerebral blood flow, non-invasive carotid 
dopplers, transcranial doppler, platelet function 
laboratory, HFH stroke center data bank, and exper- 
imental drug studies in stroke and migraine. Appli- 
cants should have completed an accredited neurology 
residency and be board-eligible/-certified. Salary 
commensurate with experience. Please send letter 
of inquiry to: K. M. A. Welch, MD, Chairman, or 
Steven R. Levine, MD, Director, Center for Stroke 
Research, Department of Neurology, Henry Ford 
Hospital, 2799 West Grand Boulevard, Detroit, MI 
48202-2689. Telephone: (313) 876-3396. 


Fellowships 


MOVEMENT DISORDER FELLOWSHIP available 
July 1990. Applicant must have completed resid- 
ency training in neurology. Primary focus is on the 
evaluation and treatment of Parkinson's disease and 
other movement disorders. Applicant will also par- 
ticipate in clinical drug trials as well as ongoing 
research projects in magnetic resonance imaging 
and neurotransplantation. For more information, 
contact: C.W. Olanow, MD, Department of Neurol- 
ogy, University of South Florida, 33606. (813) 
253-4455. 








Faculty Positions 


THE DEPARTMENT OF NEUROLOGY, University 
of California, Davis is seeking a board-eligible/ 
-certified neurologist to fill a full-time faculty posi- 
tion. Applicants must hold a current California 
license, or be eligible for licensure in the state of 
California. Demonstrated competence in patient 
care and teaching of medical students and house- 
staff is desirable, with demonstrated potential for 
administrating programs of clinical investigation. 
Individuals with experience and interest in muscle 
disorders are encouraged to apply. Level of appoint- 
ment will be commensurate with credentials. Inter- 
ested candidates should send curriculum vitae, with 
names and addresses of three professional refer- 
ences to: Michael P. Remler, MD, Professor and Chair, 
Department of Neurology, University of California, 
Davis Medical Center, 2315 Stockton Boulevard, 
Room 5308, Sacramento, CA 95817. Applications 
will be accepted through August 31, 1990. The Uni- 
versity of California is an affirmative action/equal 
opportunity employer and encourages application 
from all qualified women and ethnic minorities. 





Faculty Positions 


THE DEPARTMENT OF NEUROLOGY at the Uni- 


versity of Louisville, School of Medicine is seeking a 
faculty member for a full-time academic appoint- 
ment. Applicant must be board-eligible in neurology 
and neurodiagnostics, preferably with a completed 
fellowship in neurophysiology and electrodiagnos- 
tic medicine. Must be committed to education both 
at the undergraduate and graduate levels. Contact: 
William H. Olson, MD, Chairman, Department of 
Neurology, University of Louisville, Louisville, KY 
40292. (502) 588-7981. EO/AAE. 





NEUROLOGIST — BC/BE. The Texas College of 
Osteopathic Medicine is recruiting an academically 
oriented neurologist with interest in clinical neurol- 
ogy, teaching and research. Faculty appointment 
provides competitive salary with excellent fringe 
benefits. Please send curriculum vitae and letter of 
inquiry to: William E. Mcintosh, DO, Associate Pro- 
fessor of Medicine/Neurology, Texas College of 
Osteopathic Medicine, 3516 Camp Bowie Boule- 
vard, Fort Worth, TX 76107. TCOM is an affirmative 
action/equal opportunity employer. 





Residencies 


NEUROLOGY RESIDENT position opening avail- 
able for a first-year (PGY-II) resident in neurology at 
Oregon Health Sciences University, starting July 15, 
1990. This position offers an opportunity to train in a 
stimulating, academic environment located in the 
beautiful Pacific northwest. Interested parties should 
contact: Earl A. Zimmerman, MD, Professor and 
Chairman, Department of Neurology (L-226), 
Oregon Health Sciences University, 3181 South- 
west Sam Jackson Park Road, Portland, OR 97201- 
3098. (503) 279-7321. 





National Institute of Neurological Disorders and Stroke 


National Institutes of Health 
U.S. Public Health Service 


RESEARCH CLINICAL 
NEUROPHYSIOLOGIST 


The Human Motor Control Section in the Medical 
Neurology Branch, at the National Institute of 
Neurological Disorders and Stroke (NINDS) has an 
opening for a full time, permanent position in the 
Government. We would expect this person to be a 
Neurologist with experience in performing a variety of 
neurophysiological techniques including: (a) 
noninvasive mapping of body part representations in 
the human motor and sensory cortex using 
somatosensory evoked potentials, (b) noninvasive 
mapping of different body part representations in the 
human motor cortex using transcranial electrical and 
magnetic stimulation, (c) use of specialized electro- 
myographic techniques for the study of movement 
disorders (including kinesiologic electromyography 
and reflex studies such as reciprocal inhibition and 
excitability recovery curves). Experience in using 
botulinum toxin for the treatment of focal dystonias is 
desirable. 


We are looking for an individual who works well with 
others and who has shown leadership skills in super- 
vising and training research fellows and technicians. 
The individual should be familiar with treatment of 
patients with Movement Disorders. 


Candidates must be U.S. citizens. Stipends begin at 
$48k but may be adjusted depending on the 
candidates postdoctoral experience. Candidates are 
eligible for Physician Comparability Allowance that 
can range from $6,000 to $13,000. Appointments 
would be as Medical Officer. 


The NINDS is located at the National Institutes of 
Health in Bethesda, Maryland. If you have an interest 
in this position, please send a letter describing 
yourself and include a statement of scientific and/or 
clinical interests, a resume, and three letters of 
reference to: 


ATTENTION: HMC Position 
c/o Mark Hallett, M.D. 

Human Motor Control Section 
Medical Neurology Branch 
NINDS/NIH 

Building 10, Room 5N226 
9000 Rockville Pike 
Bethesda, Maryland 20892 
Phone: 301-496-1561 


For further information and qualification requirements, 
contact Janet Clagett, NINDS Personnel Office (301) 
496-6334. 


NIH is an Equal Opportunity Employer 
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Los Angeles 








October 18-19-20, 1990 


(Immediately preceding the Congress of 


Neurological Surgeons meeting 
eke 21 -26) 


MIDAS REX™ Institute presents 


“Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics” 


SYMPOSIA/HANDS-ON WORKSHOPS 


for NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, 
and OTOLARYNGOLOGICAL SURGEONS (Neuro 700) 


for ORTHOPAEDIC SURGEONS (Ortho 700) 


for OPERATING ROOM PERSONNEL (ORP 700) 
SYMPOSIUM FORMAT 


WORKSHOPS; The MIDAS REX Hands-On Worksho 
be held each day from 7:30 a.m. to 1:30 p.m. The wor 
will emphasize a series of structured exercises utilizing ap- 
poren animal bones, skeletal bones, bioplastics, and 
iometals. 
Neuro 700—dissection skills for bonework of the cranium 
and spine, including attention to bioplastics and biometals 
applicable to neurosurgery. 
issection in small bones, large bones, 
spines, joint replacement, revision surgery, 
methylmethacrylate, polyethylene, and biometals, includ- 
ing broken stem extraction. 
PR Personnel —dissection skills to become familiar with 
e applications of power instrumentation; discussion of 
and participation in problem solving, care, and proper 
maintenance of power equipment. 


will 





Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 


Course Directors: 
Susan Mitchell, Ed.D. 
James DeBoer, Ph.D. 


CREDIT: C.M.E. Credit Available 


COURSE LOCATION AND ACCOMMODATIONS: The 
Beverly Hilton, 9876 Wilshire Boulevard, Beverly Hills, CA 
90210. Phone 213-274-7777. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Fellow/Res- 
ident $585.00 (with letter from Department Head); All Op- 
erating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to "Los Angeles Symposium.” Mail to: Midas 
Rex Institute, 2929 Race Street, Fort Worth, TX 76111. 
Phone: 800-433-7639 or 817-831-2604. 


Enrollment is limited. Please call to reserve space before 
pir 2 check or gokat.) travel plans. All enrollments are 
made through the Midas Rex office in Fort Worth. 
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Dilantin® KAPSEALS® (Extended Phenytoin Sodium Capsules, USP) 
Before prescribing, please see full prescribing intormation. A Brief Summary follows. 


INDICATIONS AND USAGE: Dilantin is indicated for the contro! of generalized tonic-clonic (grand 
mal) and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
of seizures occurring during or following neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see 
Dosage and Administration and Clinical Pharmacology). 

CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 

WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
epilepticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
ation, or substitution of alternative antiepileptic medication arises, this should be done gradually. 
However, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
therapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
belonging to the hydantoin chemical class. 

There have been a number of reports suggesting a relationship between phenytoin and the 
development of lymphadenopathy (local or generalized) including benign lymph node 
hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
involvement may occur with or without symptoms and signs resembling serum sickness, eg, 
fever, rash and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an extended period is indicated and 
every effort should be made to achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
decrease serum levels. 

In view of isolated reports associating phenytoin with exacerbation of porphyria, caution should 

be exercised in using this medication in patients suffering from this disease. 
Usage in Pregnancy: A number of reports suggests an association between the use of 
antiepileptic drugs by women with epilepsy and a higher incidence of birth defects in children born 
to these women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed antiepileptic 
drugs; less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
Cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 
than drug therapy in leading to birth defects. The great 
majority of mothers on antiepileptic medication deliver 
normal infants. It is important to note that antiepileptic drugs should not be discontinued in 
patients in whom the drug is administered to prevent major seizures, because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
Cases where the severity and frequency of the seizure disorder are such that the removal of 
medication does not pose a serious threat to the patient, discontinuation of the drug may be 
considered prior to and during pregnancy, although it cannot be said with any confidence that 
even minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft 
lip/palate and heart malformations, in children of women receiving phenytoin and other antiepileptic 
drugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
growth deficiency, microcephaly and mental deficiency in children born to mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose 
mothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 
because of altered phenytoin absorption or metabolism. Periodic measurement of serum 
phenytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 
guide to an appropriate adjustment of dosage. However, postpartum restoration of the original 
dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
or correct this defect and has been recommended to be given to the mother before delivery and 
to the neonate after birth. 

PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients 
with impaired liver function, elderly patients, or those who are gravely ill may show early signs 
of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to 
metabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 
of induction; it appears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (See “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 
resumed and alternative therapy should be considered. (See Adverse Reactions.) If the rash is 
of a milder type (measles-like or scarlatiniform), therapy may be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced 
phenytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 
(eg, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same 
patients. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 
reported. Phenytoin may also raise the serum glucose level in diabetic patients. 

Osteomalacia has been associated with phenytoin therapy and is considered to be due to 
phenytoin's interference with Vitamin D metabolism. 

Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. 
Appropriate diagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and 
absence (petit mal) seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusional states 


Dilantin 


Kapseals 


(extended phenytoin sodium capsules, USP) 


referred to as “delirium,” “psychosis,” or “encephalopathy,” or rarely irreversible cerebellar 
dysfunction. Accordingly, at the first sign of acute toxicity, plasma levels are recommended. Dose 
reduction of phenytoin therapy is indicated if plasma levels are excessive; if symptoms persist, 
termination is recommended. (See Warnings.) 

Information for Patients: Patients taking phenytoin should be advised of the importance of 
adhering strictly to the prescribed dosage regimen, and of informing the physician of any clinical 
condition in which itis not possible to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first 
seeking the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels or 
which phenytoin may affect. Serum level determinations for phenytoin are especially helpful 
when possible drug interactions are suspected. The most commonly occurring drug interactions 
are listed below: 1. Drugs which may increase phenytoin serum levels include: acute alcohol 
intake, amiodarone, chloramphenicol, chlordiazepoxide, diazepam, dicumarol, disulfiram, 
estrogens, Ho-antagonists, halothane, isoniazid, methylphenidate, phenothiazines, 
phenylbutazone, salicylates, succinimides, sulfonamides, tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium ions 
which interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid 
preparations containing calcium should be staggered in patients with low serum phenytoin levels 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, 
sodium valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic 
acid, and sodium valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in 
susceptible patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin 
include: corticosteroids, coumarin anticoagulants, 
digitoxin, doxycycline, estrogens, furosemide, oral 
contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin may 
Cause decreased serum levels of protein-bound iodine 
(PBI). It may also produce lower than normal values for 
dexamethasone or metyrapone tests. Phenytoin may 
Cause increased serum levels of glucose, alkaline phos- 
phatase, and gamma glutamyl transpeptidase (GGT). 
Carcinogenesis: See “Warnings” section for informa- 
tion on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women taking this drug because 
phenytoin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered 
with phenytoin therapy are referable to this system and are usually dose-related. These include 
nystagmus, ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, 
insomnia, transient nervousness, motor twitchings, and headaches have also been observed. There 
Nave also been rare reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor 
and asterixis, similar to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving 
long-term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
Integumentary System: Dermatological manifestations sometimes accompanied by fever have 
included scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) is the most 
common; other types of dermatitis are seen more rarely. Other more serious forms which may 
be fatal have included bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens- 
Johnson syndrome, and toxic epidermal necrolysis (see Precautions). 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been reported 
in association with administration of phenytoin. These have included thrombocytopenia, leuko- 
penia, granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow sup- 
pression. While macrocytosis and megaloblastic anemia have occurred, these conditions usually 
respond to folic acid therapy. Lymphadenopathy including benign lymph node hyperplasia, pseu- 
dolymphoma, lymphoma, and Hodgkin's Disease have been reported (see Warnings). 
Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis, and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, symptoms 
such as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemic 
lupus erythematosus, immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estimated 
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Transderm Scop 

is the better choice 
for motion sickness 
prevention 


e more effective than 25 mg meclizine 
and Dramamine’? 


< better compliance because transdermal 
delivery is more convenient 


Transderm Scop: 
scopolamine 

programmed delivery 

0.5 mg over 72 hrs 


Transderm Scop should not be used in children. Use with 
special care in the elderly and in patients taking 

drugs (including alcohol) capable of causing / 

CNS effects. Dryness of the mouth occurs 

in about two thirds of people. Please - 
see Prescribing Information on J. 
next page before 
prescribing. 
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Transderm Scop* 


scopolamine 
(formerly Transderm-V) 


Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg of 
scopolamine over 3 days 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
Transderm Scōp is indicated for prevention of nausea and 
vomiting associated with motion sickness in adults. The disc 
should be applied only to skin in the postauricular area. 
Clinical Results: Transderm Scōp provides antiemetic pro- 
tection within several hours following application of the disc 
behind the ear. In 195 adult subjects of different racial origins 
who participated in clinical efficacy studies at sea or ina 
controlled motion environment, there was a 75% reduction in 
the incidence of motion-induced nausea and vomiting. 
Transderm Scop provided significantly greater protection than 
that obtained with oral dimenhydrinate. 


CONTRAINDICATIONS 

Transderm Scop should not be used in patients with known 
hypersensitivity to scopolamine or any of the components of 
the adhesive matrix making up the therapeutic system, or in 
patients with glaucoma. 


WARNINGS 
Transderm Scop should not be used in children and should be 
used with special caution in the elderly. See PRECAUTIONS. 
Since drowsiness, disorientation, and confusion may occur 
with the use of scopolamine, patients should be warned of the 
possibility and cautioned against engaging in activities that 
require mental alertness, such as driving a motor vehicle or 
Operating dangerous machinery. 
Potentially alarming idiosyncratic reactions may occur with 
ordinary therapeutic doses of scopolamine. 


PRECAUTIONS 

General 

Scopolamine should be used with caution in patients with 
pyloric obstruction, or urinary bladder neck obstruction. 
Caution should be exercised when administering an antiemetic 
or antimuscarinic drug to patients suspected of having 
intestinal obstruction. 

Transderm Scdp should be used with special caution in the 
elderly or in individuals with impaired metabolic, liver, or kidney 
functions, because of the increased likelihood of CNS effects. 
Information for Patients 
Since scopolamine can cause temporary dilation of the pupils 
and blurred vision if it comes in contact with the eyes, patients 
should be strongly advised to wash their hands thoroughly with 
soap and water immediately after handling the disc. 

Patients should be advised to remove the disc immediately 
and contact a physician in the unlikely event that they experi- 
ence symptoms of acute narrow-angle glaucoma (pain in and 
reddening of the eyes accompanied by dilated pupils). 

Patients should be warned against driving a motor vehicle or 
operating dangerous machinery. A patient brochure is available. 
Drug Interactions 
Scopolamine should be used with care in patients taking 
drugs, including alcohol, capable of causing CNS effects. Spe- 
cial attention should be given to drugs having anticholinergic 
properties, e.g., belladonna alkaloids, antihistamines (including 
meclizine), and antidepressants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term studies in animals have been performed to 
evaluate carcinogenic potential. Fertility studies were per- 
formed in female rats and revealed no evidence of impaired 
fertility or harm to the fetus due to scopolamine hydrobromide 
administered by daily subcutaneous injection. In the highest- 
dose group (plasma level approximately 500 times the level 
achieved in humans using a transdermal system), reduced 
maternal body weights were observed. 

Pregnancy Category C 

Teratogenic studies were performed in pregnant rats and 
rabbits with scopolamine hydrobromide administered by daily 
intravenous injection. No adverse effects were recorded in the 
rats. In the rabbits, the highest dose (plasma level approxi- 
mately 100 times the level achieved in humans using a 
transdermal system) of drug administered had a marginal 
embryotoxic effect. Transderm Scdp should be used during 
pregnancy only if the anticipated benefit justifies the potential 
risk to the fetus. 

Nursing Mothers 

It is not Known whether scopolamine is excreted in human milk. 
Because many drugs are excreted in human milk, caution 
should be exercised when Transderm Scop is administered to 
a nursing woman. 

Pediatric Use 

Children are particularly susceptible to the side effects of 
belladonna alkaloids. Transderm Scop should not be used in 
children because it is not known whether this system will 
release an amount of scopolamine that could produce serious 
adverse effects in children. 


ADVERSE REACTIONS 

The most frequent adverse reaction to Transderm Scép is 
dryness of the mouth. This occurs in about two thirds of the 
people. A less frequent adverse reaction is drowsiness, which 
occurs in less than one sixth of the people. Transient impairment 
of eye accommodation, including blurred vision and dilation of 
the pupils, is also observed. 

The following adverse reactions have also been reported on 
infrequent occasions during the use of Transderm Scop: 
disorientation; memory disturbances; dizziness; restlessness; 
hallucinations; confusion; difficulty urinating; rashes and 
erythema; acute narrow-angle glaucoma; and dry, itchy, or red 
eyes. 

Drug Withdrawal: Symptoms including dizziness, nausea, 
vomiting, headache and disturbances of equilibrium have been 
reported in a few patients following discontinuation of the use 
of the Transderm Scop system. These symptoms have 
occurred most often in patients who have used the systems for 
more than three days. 


OVERDOSAGE 

Overdosage with scopolamine may cause disorientation, 
memory disturbances, dizziness, restlessness, hallucinations, 
or confusion. Should these symptoms occur, the Transderm 
Scop disc should be immediately removed. Appropriate 
parasympathomimetic therapy should be initiated if these 
symptoms are severe. 


DOSAGE AND ADMINISTRATION 

Initiation of Therapy: One Transderm Scop disc (programmed 
to deliver 0.5 mg of scopolamine over 3 days) should be 
applied to the hairless area behind one ear at least 4 hours 
before the antiemetic effect is required. Only one disc should 
be worn at any time. 

Handling: After the disc is applied on dry skin behind the 
ear, the hands should be washed thoroughly with soap and 
water and dried. Upon removal of the disc, it should be 
discarded, and the hands and application site washed thor- 
oughly with soap and water and dried, to prevent any traces of 
scopolamine from coming into direct contact with the eyes. (A 
patient brochure is available.) 

Continuation of Therapy: Should the disc become displaced, 
it should be discarded, and a fresh one placed on the hairless 
area behind the other ear. If therapy is required for longer than 
3 days, the first disc should be discarded, and a fresh one 
placed on the hairless area behind the other ear. 


The system should be stored between 59°-86°F (15°-30°C). 


CAUTION 
Federal law prohibits dispensing without prescription. 


Dist. by: 

CIBA Consumer Pharmaceuticals 
Div. of CIBA-GEIGY Corp. 
Summit, NJ 07901 


C88-5 (Rev. 2/88) 


C IBA 


References: 

1. Dahl E: Clin Pharmacol Ther 1984;36:116-120. A study 
of mild motion sickness in a laboratory setting in which 
Transderm Scop* demonstrated a significantly greater 
reduction in the incidence of nausea and vomiting than 25 
mg meclizine (P = 0.01) and placebo (P = 0.003). 

2. Price N et al: Clin Ther 1979;2:258-262. Studies at sea 
that demonstrated a 75% mean reduction in the incidence 
of nausea and vomiting associated with motion sickness 
with Transderm Scop, compared to 50% with Dramamine® 
(P>0.05). 


659-5065-A © 1988, CIBA. 
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Richmond, VA 


November 28-29-30, 1990 
Wednesday, Thursday, Friday 


The DIVISIONS of ORTHOPAEDIC SURGERY and NEUROSURGERY 
of the MEDICAL COLLEGE of VIRGINIA, VIRGINIA COMMONWEALTH UNIVERSITY, 


and MIDAS REX Institute 


present 


“Modern Dissection Techniques of Bone, Biometals, Bloceramics, and Bioplastics” 


SYMPOSIA/HANDS-ON WORKSHOPS for ORTHOPAEDIC SURGEONS (Ortho 700); 
NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and OTOLARYNGOLOGICAL SURGEONS (Neuro 700); 


and OPERATING ROOM PERSONNEL (ORP 700) 


Course Directors: John A. Cardea, M.D.; J. Paul Muizelaar, M.D., Ph.D.; 


Susan Mitchell, Ed.D.; James DeBoer, 


Ph.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: The MIDAS REX Hands-On Workshops will 
be held each day from 7:30 a.m. to 1:30 p.m. The workshop 
will emphasize a series of structured exercises utilizing ap- 

ropriate animal bones, skeletal bones, bioplastics, and 


iometals. 


issection in small bones, large bones, 
spines, joint replacement, revision surgery, 
methylmethacrylate, polyethylene, and biometals, includ- 


ing broken stem extraction. 


Neuro 700—dissection skills for bonework of the cranium 
and spine, including attention to bioplastics and biometals 


applicable to neurosurgery. 


ORE 700—dissection skills to become familiar with the 
applications of power instrumentation; discussion of and 
participation in problem solving, care, and proper mainte- 


nance of power equipment. 


CREDIT: C.M.E. Credit Available 


COURSE LOCATION: Richmond Centre, 400 East Mar- 
shall, Richmond, VA 23219. Phone: 804-783-7300 


ACCOMMODATIONS: Richmond Marriott, 500 East Broad 
Street, Richmond, VA 23219-1812. Phone: 804-643-3400. 


are coca Fee rainy Surgeon $965.00; Fellow/Res- 
ident $585.00 (with letter from Department Head); All Op- 
erating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to "Richmond Symposium." Mail to: Midas Rex 
Institute, 2929 Race Street, Fort Worth, TX 76111. Phone: 
800-433-7639 or 817-831-2604. 


Enrollment is limited. Please call to reserve space before 
a check or arranging travel plans. All enrollments are 
made through the Midas Rex office in Fort Worth. 


Join the more than 8,500 enrollees who have completed Midas Rex® Hands-On Workshops. 
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Home Office: 2929 Race Street 


AUGUST 9-10-11 * 20-21-22 

SEPTEMBER 13-14-15 ° 24-25-26 
OCTOBER 4-5-6 * 22-23-24 

NOVEMBER 1-2-3 + 12-13-14 + 29-30-Dec. 1 


WORKSHOPS: The workshops are held each day from 
7:00 a.m. to 1:00 p.m. They emphasize a series of 
structured exercises, utilizing jy elector animal bones, 
skeletal bones, bioplastics, and biometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, 
MAXILLOFACIAL, and OTOLARYNGOLOGICAL 
SURGEONS (Neuro 700 ssection skills for bonework 
of the head and spine, including attention to bioplastics and 
biometals as applicable. 


OR PERSONNEL (ORP 700)—For OR Personnel only— 
dissection skills to become familiar with the applications of 
power instrumentation; and participation in problem 
solving, care and proper maintenance of power equipment. 


MIDAS REX Institute 
HANDS-ON WORKSHOPS* 


“Modern Dissection Techniques of Bone, 
Blometals, Bloceramics, and Bloplastics” 


For OR Personnel only: 
NOVEMBER 5-6-7 


ENROLLMENT: Fee (US$): Surgeon $965.00; 
Fellow/Resident $585.00 (with letter from Department Head); 
All Operating Room Personnel $250.00. (RN/CST/PA/Other) 


Make check to: "Dallas/Fort Worth Symposium.” 
Mail to: Midas Rex Institute 

2929 Race Street, 

Fort Worth, TX 76111. 
Phone: 800-433-7639 or 817-831-2604. 


*Enrollment is limited. Please call to reserve space before 
sending check or arranging travel plans. All enrollments are 
made through the Midas Rex office in Fort Worth. 


Join the more than 8,500 enrollees who have completed MIDAS REX? Hands-On Workshops. 
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November 5-6-7, 1990 


PHOENIX 


‘ZONA 
Cosponsored by fj ple 


Barrow Neurological Institute 
St. Joseph’s Hospital and Medical Center 


(Immediately precedes the 3rd Annual Barrow Neurological Institute 
Spine Workshop November 8-9-10.) 


“Modern Dissection Techniques of Bone, 
Biometals, Bioceramics, and Bioplastics” 


SYMPOSIA/HANDS-ON WORKSHOPS for: 

e NEUROSURGEONS, PLASTIC, CRANIOFACIAL, 
MAXILLOFACIAL, and OTOLARYNGOLOGICAL 
SURGEONS (Neuro 700)* 

There will be a simultaneous Orthopaedic Symposium 
(Ortho 700) in a separate room. Hospitality and some 
lectures will be combined. 


and 


MIDAS REX Institute 


YMP 


WORKSHOPS: The MIDAS REX Hands-On Workshop 
will be held each day from 7:30 a.m. to 1:30 p.m. The 
workshop will emphasize a series of structured exercises 
utilizing appropriate animal bones, skeletal bones, bioplast- 
ics, and biometals for dissection in the cranium and spine. 
Methylmethacrylate and biometals as they relate to neuro- 
surgery will also be considered. Distinguished guest lectur- 
ers will make presentations and video tapes will be available. 


OURSE LOCATION AND ACCOMMODATIONS: 


Marriott’s Mountain Shadows Resort, 5641 East Lincoln 
Drive, Scottsdale, AZ 85253. Phone: 602-948-7111. 


Course Directors: Robert F. Spetzler, M.D.; Volker K. H. Sonntag, M.D.; 


Susan Mitchell, Ed.D.; Ray Umber, Ph.D. 


F AT 
CREDIT: C.M.E. Credit Available. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Fel- 
low/Resident $585.00 (with letter from Department 
Head); All Operating Room Personnel 
(RN/CST/PA/Other) $250.00. Make check to "Phoenix 
Symposium." Mail to: Midas Rex Institute, 2929 Race 
Street, Fort Worth, TX 76111. Phone: 800-433-7639 or 
817-831-2604. 

*Enrollment is limited. Please call to reserve space before 
sending check or arranging travel plans. All enrollments 
are made through the Midas Rex office in Fort Worth. 


Join the more than 8,500 enrollees who have completed MIDAS REX® Hands-On Workshops. 


SEATTLE 


547 Industry Drive, Tukwila, WA 


an additional location for MIDAS REX Institute 


O 


HANDS-ON WORKSHOPS* 


"Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics" 


WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a series of structured 
exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, and blometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and OTOLARYNGOLOGICAL 
SURGEONS (Neuro 700)—dissection skills for bonework of the head and spine, including attention to bioplastics 


and biometals as applicable. 


OR PERSONNEL (OAP 700)—dissection skills to become familiar with the applications of power instru- 
mentation; and participation in problem solving, care and proper maintenance of power equipment. 


Neuro 700 —AUGUST 20-21-22 » SEPTEMBER 17-18-19 +° OCTOBER 8-9-10 » 29-30-31 + NOVEMBER 26-27-28 
ORP 700—For OR Personnel only: SEPTEMBER 10-11-12 


ENROLLMENT: Fee (US$): Surgeon $965.00; 
Fellow/Resident $585.00 (with letter from Department Head); 
All Operating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to: "Seattle Symposium." 


'Y 


Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth TX 76111. 
Phone: 800-433-7639 or 817-831-2604. 


“Enrollment is limited. Please call to reserve ap before sending check or arranging 
g 


travel plans. All enrollments are made throu 


ne 


ee N o T 


the Midas Rex office in Fort Worth. 


Join the more than 8,500 enrollee 
who have completed MIDAS RE 
ands-On Workshops. 
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THE BASCOM PALMER EYE INSTITUTE / UNIVERSITY OF MIAMI 
SCHOOL OF MEDICINE INVITES YOU TO 


I TE EES IS OTTERS SE ED LL a 


= THE NEURO-OPHTHALMOLOGY COURSE 


1990 





SHERATON ROYAL BISCAYNE HOTEL, KEY BISCAYNE, MIAMI, FLORIDA 


DEC. 6-8, 1990 


The following outstanding speakers will present the latest clinically relevant information 
on: LYME DISEASE, AIDS, OCULAR SYPHILIS; NEUROIMAGING; LEBER’S OPTIC 
NEUROPATHY UPDATE; and much more! 

Dr. Joseph Berger 
Dr. William W. Culbertson 
Dr. Janet L. Davis 
Dr. Bradley K. Farris 
Dr. Steve Galetta 
Dr. J. Donald M. Gass 
Dr. Joel S. Glaser 
Dr. Robert L. Lesser 
Dr. Thomas Naidich 
Dr. Eeva Nikoskelainen 
Dr. Andrew Pachner 
Mme. A. Paris-Hamelin 
Dr. Richard K. Porschen 
Dr. Norman J. Schatz 
Dr. J. Lawton Smith 
Dr. Robert Tomsak 
Registration is $325 for practitioners and $100 for residents. 
Write: NEURO-OPHTHALMOLOGY COURSE, Bascom Palmer Eye Institute, 
PO Box 015869, MIAMI, FL 33101. Phone (305) 326-6099 





"The University of Miami School of Medicine is accredited by the Accreditation Council for Continuing Medical Education (ACCME) 

to sponsor continuing medical education for physicians. The University of Miami School of Medicine designates this continuing medical 

education activity for 12.5 credit hours in Category 1 of the Physician’s Recognition Award of the American Medical Association" 
YALL COME!! 
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MIDAS REX Institute 
HANDS-ON WORKSHOPS* 


LOS ANGELES/ANAHEIM 


H 
625 West Katella, Unit 22, Orange, California 
“Modern Dissection Techniques of Bone, Blometals, Bloceramics, and Bloplastics” 
WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a series of structured 
exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, and biometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and OTOLARYNGOLOGICAL 
SURGEONS (Neuro 700)—dissection skills for bonework of the head and spine, including attention to 
bloplastics and biometals as applicable. 


OR PERSONNEL (ORP 700)—dissection skills to become familiar with the applications of power 
instrumentation; and participation in problem solving, care and proper maintenance of power equipment. 
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Neuro 700 

AUGUST 13-14-15 For OR Personnel only: 

SEPTEMBER 10-11-12 AUGUST 27-28-29 F 
OCTOBER 1-2-3 + 29-30-31 NOVEMBER 12-13-14 re 








ENROLLMENT: Fee (US$): Surgeon $965.00; 
Fellow/Resident $585.00 (with letter from Department Head); 
All Operating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to: "Los Angeles Symposium.” Mail to: 
Midas Rex Institute, 2929 Race Street, Fort Worth, TX 76111. 
Phone: 800-433-7639 or 817-831-2604. 


“Enrollment is limited. Please call to reserve space 
before sending check or arranging travel plans. All 
enrollments are made through the Midas Rex office in 
Fort Worth. 


Join the more than 8,500 enrollees who have 
completed MIDAS REX® Hands-On Workshops. 
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August 22-23-24, 1990 






‘Bos to TL Massachusetts 


Massachusetts General Hospital and MIDAS REX" Institute 
Department of Neurosurgery present 


“Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics”’ 


SYMPOSIA/HANDS-ON WORKSHOPS 
For NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and 
OTOLARYNGOLOGICAL SURGEONS (Neuro 700) 
For OPERATING ROOM PERSONNEL (ORP 700) 


Course Directors: Robert G. Ojemann, M.D.; Susan Mitchell, Ed.D.; James Dukelow, Ph.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: The MIDAS REX Hands-On Workshops CREDIT: C.M.E. Credit Available 
will be held each day from 7:30 a.m. to 1:30 p.m. T 


workshop will emphasize a series of structured exercises The Sheraton Boston Hotel & Towers, 39 Dalton Street 


utilizing appropriate animal bones, skeletal bones, bioplast- Prudential Center, Boston, MA 02199. Phone: 617-236- 
ics, and biometals. 2000. 


Neuro 700—dissection skills for bonework of the cra- LMENT: Fee (US$): Sur ; 
orgy i : ENROLLMENT: ; geon $965.00; Fel- 
en te he e including attention to bioplastics and low/Resident $585.00 (with letter from Department Head); 
s applicable to neurosurgery. 
í ; i ai i All Operating Room Personnel (RN/CST/PA/Other) 
iN issection skills to become familiar with the $250.00. Make check to "Boston Symposium." Mail to: 
applications of eter ea tj sa of and Midas Rex Institute, 2929 Race Street, Fort Worth, TX 
articipation in problem solving, care, and proper mainte- ; i i s 
eiae powers amont: ki 76111. Phone: 800-433-7639 or 817-831-2604. 
Enrollment is limited. Please call to reserve space apre sending check or arranging travel plans. 
ll enrollments are made through the Midas Rex office in Fort Worth. 
Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 



























Letters to the Editor 


Letters to the editor should be submitted as an original and two duplicates. They should be 
typewritten double-spaced on plain bond paper; they will be subject to editing. If they are 
prepared on a word processor, do not justify the right margin. A copyright transmittal letter 
signed by all authors must accompany this (see “Instructions for Authors”). 


Arch Neurol—Vol 47, July 1990 


Editorial Apology 


|! incorrectly omitted the complete radiographic series for 
the article “Convergence Nystagmus Associated With 
Arnold-Chiari Malformation” (Arch Neurol. 1990;47:357- 
359) by Mossman et al. I am publishing the complete preop- 
erative and postoperative series of radiographs. 
I apologize to the authors for this omission. 
ROBERT J. JOYNT, MD, PHD 
Chief Editor 


Fig 3.—Left, Flexed; center, neutral; and right, extended. 
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Lower Body (Vascular) Parkinsonism 


To the Editor.—I was very interested 
in the recent article in the ARCHIVES by 
Masdeu et al' on the correlation be- 
tween white matter hypodensity on 
computed tomography (CT) and im- 
paired gait and balance in the elderly. 
The investigators excluded orthopedic, 
cognitive, sensory, and other neuro- 
logic reasons for the ambulatory prob- 
lems and falls. While the fallers 
(66.7% of 20) were more likely to be 
demented than the controls (25.0% of 
20), and the dementia could have con- 
tributed to the poor balance, I agree 
with their conclusion that the periven- 
tricular white matter disease, sug- 
gested by the abnormal CT scans, was 
primarily responsible for the abnor- 
mal gait and falls. Although CT may be 
less sensitive than magnetic resonance 
imaging (MRI) for detection of white 
matter changes, these MRI changes 
may be seen also in normal 
individuals.’ As noted by the authors, 
while the possible correlation between 
CT-MRI white matter changes and 
cognitive deficits has been the subject 
of many reports, only a few have at- 
tempted to correlate these changes 
with gait and balance disturbances. 
We recently reported the clinical 
and CT-MRI findings in 10 patients 
with so-called lower body parkinson- 
ism (LBP).’ These patients had marked 
gait and postural difficulties (including 
freezing and falls), but were without 
neurologic problems in the upper parts 
of their body. They were compared 
with a control group of 100 patients 
with typical Parkinson’s disease (PD). 
While both groups were of comparable 
age, the LBP patients started with a 
gait problem as the first symptom 
(90% vs 7%); they also had a signifi- 
cantly shorter duration of symptoms 
(2.6 + 1.5 vs 7.5 + 4.9 years), higher 
prevalence of hypertension (70% vs 
21%), and less improvement with 
levodopa (22% vs 96% ). Furthermore, 
white matter changes were noted on 
CT-MRI in 75% of LBP and in only 
12% of PD patients. We concluded that 
the rapid progression of symptoms, 
high frequency of hypertension, poor 
response to levodopa, and the CT-MRI 
changes provided evidence for the hy- 
pothesis that periventricular vascular 
(ischemic) pathologic findings were 
primarily responsible for the ambula- 
tory difficulties in these patients and 
that “lower body” parkinsonism 
should be differentiated from the more 
typical “Lewy body” parkinsonism or 
PD. In contrast to the 12 patients with 
“gait disorder of subcortical arterio- 
sclerotic encephalopathy (Binswan- 
ger’s disease)” reported by Thompson 
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and Marsden,’ our patients did not 
have upper motor neuron findings, lat- 
eralizing signs, cognitive disturbances, 
upper limb akinesia, or a history of 
strokelike episodes. All our patients 
were previously diagnosed as having 
PD. 

The report by Masdeu et al! and the 
other reports draw attention to the 
possibility that “vascular parkinson- 
ism” may be responsible for the gait 
and postural problems seen in the 
“normal” elderly as well as in some 
patients with the “postural-instabili- 
ty-gait-difficulty” type of clinically di- 
agnosed PD‘ and progressive supranu- 
clear palsy.‘ 

JOSEPH JANKOVIC, MD 
Department of Neurology 
Baylor College of Medicine 


6550 Fannin, No. 1801 
Houston, TX 77030 
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In Reply.—Dr Jankovic’s interest in 
our work is deeply appreciated. It is 
appropriate to bring to the attention of 
the readers their excellent article, pub- 
lished after our submission, because 
they describe a group of patients who 
bear striking similarity to some of 
ours. They also had more white matter 
changes than controls with classic par- 
kinsonism. All of their patients had a 
type of gait that mimicked parkinson- 
ian gait. The gait pattern in our pa- 
tients was far from homogeneous. In 
most of our patients the predominant 
impairment was one of instability, 
without any other features suggesting 
parkinsonism. Other patients had gait 
apraxia. In four patients the shuffling, 
hesitating gait pattern could have 
suggested parkinsonism. Thus, as Dr 
Jankovic indicates, some patients with 
periventricular white matter changes 
may have a parkinsonianlike gait. It is 
arguable whether this syndrome 
should be called “lower body parkin- 
sonism” (LBP). The criteria for diag- 
nosing LBP in Drs FitzGerald and 
Jankovie’s report were (1) impaired, 
parkinsonianlike gait; (2) mild or ab- 
sent tremor, rigidity, or clumsiness in 


the arms; and (3) absence of dementia, 
spasticity, and lateralizing findings.’ 
These criteria differ from the criteria 
normally used to diagnose parkinson- 
ism, and indeed only 2 out of their 9 
patients treated with dopaminergic 
agents had modest improvement. As 
Dr Jankovic mentions in his letter, pa- 
tients with LBP also differed markedly 
from the parkinsonian group in other 
clinical and imaging variables. Al- 
though not explicitly mentioned in our 
article, our subjects with falls and im- 
paired gait did not differ from the con- 
trols in the presence of rigidity or 
tremor in the legs. As Drs FitzGerald 
and Jankovic discuss in their article, 
more than nigral disease, involvement 
of the projections between the cortex 
and the basal ganglia is probably crit- 
ical in the pathogenesis of this syn- 
drome. 

Two syndromes have been recently 
described in which involvement of 
structures in the cortico-striato-palli- 
do-thalamo-cortical loop resulted in 
striking disorders of gait and balance: 
the syndrome of thalamic astasia (in- 
ability to stand following unilateral 
thalamic lesions) and the syndrome of 
falling and postural deficits with uni- 
lateral basal ganglia lesions.2? Most of 
these cases had a vascular etiology. In 
the syndrome of periventricular white 
matter disease of the elderly, involve- 
ment of corticostriatal projections or 
of the thalamocortical fibers coursing 
around the ventricle could be critical in 
the genesis of gait impairment. Here 
also, as Dr Jankovic suggests, a vascu- 
lar etiology is likely, with ischemic 
changes of the end-arteriolar white 
matter as the result.'*° Research is 
needed to define the clinical syndrome, 
as well as the etiology and pathophys- 
iology underlying white matter 
changes in elderly individuals. 
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A CASE FOR Magnevist 


(gadopentetate 
dimeglumine 46901 mg/mL) 
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SPINAL METASTATIC DISEASE 


BEFORE MAGNEVIST INJECTION 


Sagittal T1-weighted 
MRI scan 
pre-MAGNEVIST® 
injection (TR 800, 

TE 20) reveals 

no abnormality. 





A 38-year-old woman presented with neck pain 

and upper body motor disturbance, One year before, 
she had undergone a radical mastectomy with 
lymphadenectomy, confirming the diagnosis 

of carcinoma. Follow-up imaging, including CT scans, 
was negative. 


MRI scans were performed to rule out metastatic disease. 


Sagittal proton- 


density-weighted 

MRI scan | AFTER MAGNEVIST” INJECTION 
pre-MAGNEVIST 

injection (TR 2400, Sagittal T1-weighted 


TE 30) shows MRI scan post- 


no discernible MAGNEVIST® 
signs of metastatic injection (TR 800, 
soread. TE 20) shows 


enhanced lesions 
overlying the spinal 
cord, consistent 
with intradural 
metastases 





sagittal T2-weighted 
MRI scan 
pre-MAGNEVIST® 
injection (TR 2400, 

TE 70) shows 

no additional 
information from 
that seen on 
proton-density- 
weighted image. 





Images courtesy of Madan Kulkarni, MD, and George J 
1990, Berlex Laboratories, Inc. All rights reserved Abdo, MD, Houston Northwest MRI Center, Houston, Tex 
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e May increase characterization and delineation of lesions, 
especially intradural/extramedullary and intramedullary 
metastases" 


e Locates focal masses, which may facilitate more decisive 
clinical action, ie, focal radiation as well as intrathecal 
therapy, especially in intradural/extramedullary ana 
intramedullary disease** 


e May outline areas of cord compression and assess response 
to treatment of extradural metastases” 
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BETTER MEDICINE THROUGH BETTER IMAGES 


Please see brief summary of prescribing information for MAGNEVIST® injection 
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Well tolerated?’ in clinical trials, the most common adverse reactions reported were headache (8.7%) and injection- 
site coldness/localized coldness (4.8%). The majority of headaches were transient and of mild to moderate severity. In 
Clinical trials, 15% to 30% of patients experienced an asymptomatic transient rise in serum iron: hypotension occurred in 
less Than 1% of the patients. The safety of MAGNEVIST” injection in patients with hemolytic disorders has not been studied. 
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BRIEF SUMMARY 


INDICATIONS AND USAGE 


MAGNEVIST® Injection is indicated for use with magnetic resonance imaging (MRI) in adults 
and children (2 years of age and older) to provide contrast enhancement in those intra- 
cranial lesions with abnormal vascularity or those thought to cause an abnormality in the 
blood-brain barrier. MAGNEVIST® Injection has been shown to facilitate visualization of 
intracranial lesions including but not limited to tumors. 


MAGNEVIST® Injection is also indicated for use with MRI in adults and children (2 years of 
age and older) to provide contrast enhancement and facilitate visualization of lesions in 
the spine and associated tissues. There is, however, only limited clinical experience in 
children for this indication. 


CONTRAINDICATIONS 
None known. 


WARNINGS 


The accepted safety considerations and procedures that are required for magnetic 
resonance magng are applicable when MAGNEVIST® Injection is used for contrast 
enhancement. In addition, a alg sickle erythrocytes have been shown in in vitro 
Studies to align perpendicular to a magnetic field which may result in vaso-occlusive 
complications in vivo. The enhancement of magnetic moment gh ire entetate dimeglu- 
mine may possibly potentiate sickle erythrocyte alignment. MAGNEVIST® Injection in 
patients with sickle cell anemia and other hemoglobinopathies has not been studied. 


Patients with other hemolytic anemias have not been adequately evaluated following 
administration of MAGNEVIST® Injection to exclude the possibility of increased hemolysis. 
Hypotension may occur in some patients after injection of 
MAGNEVIST® Injection. In clinical trials two cases were reported 
and in addition, there was one case of a vasovagal reaction and 
two cases of pallor with dizziness, sweating and nausea in one 
and substernal pain and flushing in the other. These were reported 
within 25 to 85 minutes after injection except for the vasovagal 
reaction which was described as mild by the patient and occurred 
after 6-1/2 hours. In a study in normal volunteers one subject 
experienced syncope after arising from a sitting position two hours 
after administration of the drug. Although fhe relationship of 
gadopentetate ral agg to these events is uncertain, patients 
should be observed for several hours after drug administration. 


PRECAUTIONS - General 


Diagnostic procedures that involve the use of contrast agents should be carried out under 
direction of a physician with the prerequisite training and a thorough knowledge of the 
procedure to be performed. 


In a patient with a history of grand mal seizures, MAGNEVIST® Injection was reported to 
induce such a seizure. 


Since gadopentetate reaper is cleared from the body Al lomerular filtration, caution 
should be exercised in patients with severely impaired renal function. 


Animal studies suggest that gadopentetate dimeglumine may alter red cell membrane 
lglg resulting in a slight degree of extravascular (splenic) hemolysis. In clinical 
trials 15-30% of the patients experienced an asymptomatic transient rise in serum iron. 
Serum bilirubin levels were slightly elevated in approximately 3.4% of patients. Levels 
generally returned to baseline within 24 to 48 hours. Hematocrit and red blood cell count 
were unaffected and liver enzymes were not elevated in these patients. While the effects 
of gadopentetate dimegiumine on serum iron and bilirubin have not been associated with 
clinical manifestations, the effect of the drug in patients with hepatic disease is not known 
and caution is therefore advised. 


When MAGNEVIST® Injection is to be injected using plastic disposable syringes, the contrast 
medium should be drawn into the syringe and used immediately. 


If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 


Repeat Procedures: If in the clinical judgment of the physician sequential or repeat ex- 
aminations are auaa, a suitable interval of time between administrations should be 
observed to allow for normal clearance of the drug from the body. 


Information for Patients: 

Patients receiving MAGNEVIST® Injection should be instructed to: 

1. Inform your physician if you are pregnant or breast feeding. 

2.Inform your physician if you have anemia or any diseases that affect red blood cells. 


LABORATORY TEST FINDINGS 


Transitory changes in serum iron and bilirubin levels have been reported in patients with 
normal and abnormal liver function (See PRECAUTIONS - General). 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY 


No animal studies have been performed to evaluate the carcinogenic potential of 
gadopentetate dimegiumine. 


Gadopentetate dimeglumine did not evoke any evidence of mutagenic potential in the 
Ames test (histidine-dependent Salmonella typhimurium) nor in a reverse mutation assay 
using tryptophan-dependent Escherichia coli. Gadopentetate dimeglumine did not induce 
a positive response in the (C3H 1071/2) mouse embryo fibroblast cellular transformation 
assay, nor did it induce unscheduled DNA repair synthesis in primary cultures of rat 
hepatocytes at concentrations up to 5000 ug/mL. However, the drug did show some 
evidence of mutagenic potential in vivo in the mouse dominant lethal assay at doses of 6 
mmol/kg, but did not show any such potential in the mouse and dog micronucleus tests 
at intravenous doses of 9 mmol/kg and 2.5 mmol/kg, respectively. 


The results of a reproductive study in rats showed that gadopentetate dimeglumine when 
administered in daily doses of 0.1-2.5 mmol/kg, did not cause a significant ge a in the 
pregnancy rate in comparison to a control group. However, suppression of body weight gain 
and food consumption and a decrease in the mean weights of testis and epididymis 
occurred in male rats at the 2.5 mmol/kg dose. In female rats a decrease in the number 
of corpora lutea at the 0.1 mme dose and the suppression of body weight gain and 
food consumption at the 2.5 mmol/kg dose were observed. 


In a separate experiment, 16 daily intravenous injections were administered to male rats. 
At a dose of 5 mmol/kg of gadopentetate dimegiumine, apormatogenic cell atrophy was 
observed. This atrophy was not reversed within a 16-day observation period following the 
discontinuation of the drug. This effect was not observed at a dose of 2.5 mmol/kg. 
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PREGNANCY CATEGORY C. 

Gacopentetate dimeglumine has been shown to retard development slightly in rats when 
pan in doses 2.5 times the human dose, and in rabbits when given in doses of 7.5 and 
2.5 times the human dose. The drug did not exhibit this effect in rabbits when given in 
doses 2.5 times the human dose. No congenital anomalies were noted in either species. 


There are no adequate and well-controlled studies in sh, women. MAGNEVIST® 
Injection fort be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 


NURSING MOTHERS 


C14 labelled gadopentetate dimegiumine was administered intravenously to lactating rats 
at a dose of 0.5 mmol/kg. Less than 0.2% of the total dose was transferred to the neonate 
via the milk during the 24-hour evaluation period. It is not known to what extent MAGNEVIST® 
Injection is excreted in human milk. Because many drugs are excreted in human milk, 
caution should be exercised when the drug is administered to a nursing mother and 
consideration should be given to temporarily discontinuing nursing. 


PEDIATRIC USE 
Safety and efficacy in children under the age of 2 te have not been established. 
(See Indications and Usage and Dosage and Administration sections). 


ADVERSE REACTIONS 

The most commonly noted adverse experience is headache with an incidence of 8.7%. The 
majority of headaches are transient and of mild to moderate pare In 42.3% of the cases 
it was felt that the headaches were not related to MAGNEVIST® Injection. Injection site 
coldness/localized coldness is the second most common adverse experience at 4.8%. 
Nausea occurs in 3.2% of the patients. 

Localized pain, vomiting, paresthesia, dizziness and localized 
warmth occur in less than 2% of the patients. 

The following additional adverse events occur in less than 1% 
of the patients: 

Body as a Whole: Injection site symptoms, namely, pain, warmth, 
burning; localized burning sensation, substernal chest pain, fever, 
weakness, generalized coldness, localized edema, tiredness, 
chest tightness, regional lymphangitis. 

Cardiovascular: Hypotension, vasodilation, pallor, non-specific 
ECG changes, angina pectoris, phlebitis. 

Digestive: Gastrointestinal distress, stomach pain, teeth pain, 
increased salivation. 

Nervous System: Agitation, thirst, convulsions (including grand mal), 
pe iad System: Throat irritation, rhinorrhea, sneezing, dyspnea, wheezing, laryngismus, 
cough. 

Skin: Rash, sweating, pruritus, urticaria (hives). 

Special Senses: Tinnitus, conjunctivitis, visual field defect, taste abnormality, dry mouth, 
lacrimation disorder (tearing), eye irritation. 

Laboratory: Transient elevation of serum transaminases. 

The following other adverse events were reported. A causal relationship has neither been 
established nor refuted. 

Body as a Whole: Back pain, pain, generalized warmth. 

Cardiovascular: Hypertension, tachycardia, migraine, syncope. 

Digestive: Constipation, diarrhea. 

Nervous System: Anxiety, anorexia, nystagmus, drowsiness, diplopia, stupor. 

Skin; Facial edema, erythema multiforme, epidermal necrolysis. 

Special Senses: Eye pain, ear pain. 

Data from foreign studies did not reveal any additional adverse experiences. 


OVERDOSAGE 


The LDso of intravenously administered gadopentetate dimeglumine injection in mice is 
5-12.5 mmol/kg and in rats it is 10-15 mmol ri The LDso of intravenously administered 
MAGNEVIST® Injection in dogs is greater than 6 mmol/kg. 


Clinical consequences of overdose with MAGNEVIST® Injection have not been reported. 


DOSAGE AND ADMINISTRATION 


The recommended dosage of MAGNEVIST® Injection is 0.2 mL/kg (0.1 mmol/kg), 
administered intravenously, at a rate not to exceed 10 mL per minute. More rapid injection 
rates may be associated with nausea. The maximum total dose is 20 mL. Any unused 
portion must be discarded. 


DOSAGE CHART 


Approx Duration of 
Injection in Seconds 
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To ensure complete injection of the contrast medium, the injection should be followed by 
a 5-mL normal saline flush. The imaging procedure should be completed within 1 hour of 
injection of MAGNEVIST® Injection. 

Parenteral products should be inspected visually for particulate matter and discoloration 
prior to administration, whenever solution and container permit. 
For full prescribing information, see package insert. 

Caution: Federal Law Prohibits Dispensing Without Prescription. 
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Two Decades of Increasing Mortality 
From Parkinson’s Disease Among the US Elderly 


David E. Lilienfeld, MD; Eva Chan, MS; Jeffrey Ehland; James Godbold, PhD; 
Philip J. Landrigan, MD; Gary Marsh, PhD; Daniel P. Perl, MD 


@ To examine the possible role of envi- 
ronmental factors in the cause of Parkin- 
son’s disease (PD), we reviewed mortality 
trends for PD in the United States from 
1962 through 1984. We found that age- 
specific mortality for PD in all demo- 
graphic groups had changed notably dur- 
ing this 23-year interval. Among whites of 
both sexes, substantial declines were ob- 
served among the middle-aged, while no- 
table increases were seen in the geriatric 
age groups. Similar changes were found in 
nonwhites; among nonwhites in the geri- 
atric age range, increases of 22% to 553% 
were observed among men and 12% to 
157% were observed among women. Men 
generally had a 100% higher risk of death 
due to PD than did women. Whites were at 
three times the risk of nonwhites. The ob- 
served temporal changes appear to reflect 
improved treatment, better case ascer- 
tainment, and a true rise in the incidence 
of PD, particularly among the elderly. This 
rise may be due to preventable environ- 


'mental causes and will require further 


investigation. 
(Arch Neurol. 1990;47:731-734) 
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Recent reports of temporal cluster- 
ing of Parkinson’s disease (PD) 
lend support to the hypothesis that 
environmental agents may play a role 
in the onset of this condition.'? How- 
ever, with the exception of manganese, 
carbon monoxide, carbon dioxide, 
and 1-methyl-4-pheny]-1,2,5,6-tetra- 
hydropyridine (MPTP), specific causal 
factors have not been identified.” En- 
vironmental factors have been 
implicated.* The observation of tempo- 
ral trends in mortality are a rich souce 
of hypotheses concerning the cause of 
this disease. To explore this hypothesis 
for PD, we recently reviewed the tem- 
poral trends for two decades for PD 
mortality in the United States. 


MATERIALS AND METHODS 


The US National Center of Health Sta- 
tistics, Bethesda, Md, routinely collects in- 
dividual death certificates for all US resi- 
dents. We reviewed these data for deaths in 
which the underlying cause was PD (for the 
period from 1962 through 1967, we used Jn- 
ternational Classification of Diseases, Sev- 
enth Revision, rubric 350; for 1968 through 
1978, International Classification of Dis- 
eases, Eighth Revision, rubric 342; and for 









1965-1969 









1962-1964 


Men 2.0 (4307) 2.0 (8020) 
Women 1.0 (386 1) 1.0 (7062) 
Men 1.0 (132) 1.0 (247) 
Women 0.0 (94) 0.0 (195) 





Table 1.—Age-Adjusted Average Annual Parkinson's Disease Mortality in the United 
States per 100000 Population, 1962-1984, by Sex and Race* 


Time Period 


1970-1974 1975-1979 1980-1984 
White 
2.0 (8310) 2.0 (8560) 2.0 (11470) 
1.0 (7286) 1.0 (7199) 1.0 (8956) 
Nonwhite 
1.0 (300) 1.0 (366) 1.0 (442) 
0.0 (202) 0.0 (253) 0.0 (303) 





1979 through 1984, International Classifi- 
cation of Diseases, Ninth Revision, rubric 
332.0).”"° In each such instance, the demo- 
graphic characteristics (age, sex, and race) 
of the deceased were abstracted. These data 
were tabulated into specific strata (age, sex, 
and race) and aggregated into the following 
five time periods: 1962 through 1964, 1965 
through 1969, 1970 through 1974, 1975 
through 1979, and 1980. For population es- 
timates, age-, sex-, and race-specific census 
data for 1960, 1970, and 1980 were used. For 
the intercensal years, the National Center 
for Health Statistics provided estimates of 
the population for age, sex, and race. For 
each of the five time periods, the average 
annual PD mortality rates, specific for age, 
race, and sex, were calculated. 

Average annual age-adjusted mortality 
rates specific for race and sex were calcu- 
lated using the method of Lilienfeld and 
Lilienfeld,'! with the 1960 US population as 
the standard.” The Cochran-Armitage test 
for linear trends was used to assess the sta- 
tistical significance of the observed tempo- 
ral patterns.’ 


RESULTS 
Age-Adjusted Mortality 


Average annual age-adjusted PD 
death rates for white men, white 
women, nonwhite men, and nonwhite 














* Adjusted to the 1960 US population. Figure in parentheses is the number of deaths in the time interval. 
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Fig 1.—Average annual age-specific Parkin- 
son's disease mortality per 100 000 white men 
in the United States, 1962 through 1984. 
Numbers in parentheses indicate numbers of 
deaths. 


(2,060) 
(2,242) 


Fig 2.—Average annual age-specific Parkin- 
son's disease mortality per 100000 white 
women in the United States, 1962 through 
1984. Numbers in parentheses indicate num- 


Year 


women in the United States during the 
period from 1962 through 1984 are 
shown in Table 1. For all four demo- 
graphic groups, no statistically signif- 
icant trend (P > .05) in the age-ad- 
justed rates was noted. 


Age-Specific Mortality 


Average annual age-specific mortal- 
ity rates for PD among white men, 
white women, nonwhite men, and non- 
white women are shown in Figs 1 
through 4. In general, the death rate 
rose with increasing age. Temporally, 
these rates decreased for those 
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bers of deaths. 


younger than 70 years of age (Table 2). 
The percentage decline in the death 
rates for those younger than 75 years 
of age among whites and among those 
younger than 70 years of age among 
nonwhites decreased with increasing 
age. The proportional increase in the 
death rates rose with age for those 75 
years of age and older among whites 
and 70 years of age and older among 
nonwhites. The relative increases in 
mortality for nonwhites were gener- 
ally greater than those for whites in 
the older age groups. The increases in 
the death rates for men were greater 


than those for women. The rates for 
men (white and nonwhite) were about 
twice those for women. Rates for 
whites exceeded those for nonwhites 
by a factor of three. 


COMMENT 


In this analysis, we found that the 
age-specific death rates for PD de- 
clined during the period from 1962 
through 1984 among all residents of 
the United States younger than 70 
years of age, while the rates for those 
75 years of age and older increased no- 
tably. Whites had greater mortality 
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than did nonwhites, and men had 
higher death rates than did women. 
The patterns of PD mortality in the 
United States described in this report 
provide considerable information 
about the pathogenesis of this neuro- 
degenerative condition. 

First, the increase in PD mortality 
suggests that changes in environmen- 
tal factors may play a prominent role 
in the onset of the condition. Although 
genetic factors may have some part in 
the development of the disease, it is 
highly unlikely that the observed mor- 
tality changes (if reflective of inci- 
dence) could result from the expres- 
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Fig 3.—Average annual age-specific Parkin- 
son’s disease mortality per 100 000 nonwhite 
men in the United States, 1962 through 1984. 

1975-1979 1980-1984 Numbers in parentheses indicate numbers of 
deaths. 


7 ; Fig 4.—Average annual age-specific Parkin- 
(4) / (1) son’s disease mortality per 100 000 nonwhite 
women in the United States, 1962 through 
1984. Numbers in parentheses indicate num- 
bers of deaths. 





Table 2.—Proportional Increases in Age-Specific Parkinson’s Disease Mortality in the 
United States, 1962-1984, by Race and Sex 


Age, y 
38888" 


Sex 40-44 45-49 50-54 55-59 60-64 65-69 70-74 75-79 80-84 85+ 


Women —87łł —89*t 


Nonwhite 
Men +100t§ -51* —82§ -64§ -—55§ —2 22 119§  553§|| 76§|| 


Women —100t§ foam —69§ -59§ —51§ -—53§ 12 42 93§ 157§ 


*P < .005 (Cochran-Armitage test). 

tFinal (1980-1984) rate based on fewer than 10 deaths. 

+P < .01 (Cochran-Armitage Test). 

§P < .05 (Cochran-Armitage Test). 

\|Initial (1962-1964) rate based on fewer than 10 deaths. 

{Base rate was 0.0 per 100000 per year. Final (1980-1984) rate based on fewer than 10 deaths. 
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sion of one or more genes.'*'* The 
greater mortality in men may suggest 
occupational factors, although the siz- 
able death rates among elderly women 
indicate that nonoccupational agents 
may also be associated with the condi- 
tion.This conclusion is supported by 
the constancy of the ratio of male-to- 
female mortality among both whites 
and nonwhites. Also, the preponder- 
ance of the disease among whites, a 
finding noted by many other investi- 
gators, is apparent in these data.'*! 
The degree to which this association is 
confounded by socioeconomic status is 
not known. If socioeconomic status, 
rather than race, is related to the 
occurrence of PD, then the range of 
possible causal agents would be differ- 
ent. 

Second, the observed decline in mor- 
tality in the younger age groups likely 
reflects the increased survivorship as- 
sociated with the use of levodopa as a 
treatment for PD.” It is unclear, how- 
ever, whether such “delayed” deaths 
would still be attributed to PD. These 
delayed deaths might, instead, be at- 
tributed to heart disease, strokes, can- 
cers, or other common causes of death 
among the elderly. Also, the effect of 
levodopa on PD survivorship in the 
older age groups is not clear. There- 
fore, the increase in mortality in these 
older age groups could result, in part, 
from an increase in the prevalence of 
PD. However, the decline in mortality 
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in the younger groups began in the 
middle 1960s, prior to the widespread 
use of levodopa.”!”? Hence, improved 
treatment alone cannot account for the 
decline in mortality. Alternative ex- 
planations include the aging of those 
with encephalitic PD and the lower in- 
cidence of the disease in younger 
individuals.*** It is also possible that 
deaths among those with PD resulting 
from causes independent of neurode- 
generative pathologic findings, eg, car- 
diovascular disease, have increased. 
Comparisons of recent US mortality 
data with those of other countries 
could clarify the reasons for this de- 
cline. Also of interest would be the re- 
view of US data for PD, particularly all 
causes of death.” 

Third, some portion of the increase 
in mortality in the elderly may reflect 
better case ascertainment. The intro- 
duction of new therapies could facili- 
tate more frequent diagnosis. How- 
ever, this explanation does not explain 
the sharp differential in the change in 
mortality between men and women. 
We doubt that males with PD were so 
markedly underdiagnosed in the past, 
compared with females with PD. 

Fourth, PD mortality increases with 
age. Little mortality occurs below the 
age of 50 years. It is, therefore, likely 
that to the extent environmental ex- 
posures play a role, the disease devel- 
ops from exposures that occur before 
age 50 years. This pattern also sug- 


References 


thesda, Md: National Center of Health Statistics; 
1975. 

10. Kurtzke JR. ICD 9: a regression. Am J Ep- 
idemiol. 1979;109:383-393. 

11. Lilienfeld A, Lilienfeld DE. Foundations of 
Epidemiology. 2nd ed. New York, NY: Oxford 
University Press Ine; 1980. 

12. US Department of Health, Education and 
Welfare. Vital Statistics of the United States 1960: 
Natality. Washington, DC: US Public Health Ser- 
vice; 1960:1. 

13. Armitage P. Statistical Methods for Medical 
Research. Boston, Mass: Blackwell Scientific Pub- 
lications Inc; 1971. 

14. Fleiss JL. Statistical Methods for Rates and 
Proportions. New York, NY: John Wiley & Sons 
Inc; 1973. 

15. Kondo K, Kurland LT. Parkinson’s disease: 
genetic analysis and evidence of a multifactorial 
etiology. Mayo Clinic Proc. 1973;48:465-475. 

16. Paddison RM, Griffith RP. Occurrence of 
Parkinson’s disease in black patients at Charity 
Hospital in New Orleans. Newrology. 1974;24:688- 
690. 

17. Kessler II. Epidemiologic studies of Par- 
kinson’s disease, II: a hospital-based survey. Am 
J Epidemiol. 1972;95:308-318. 

18. Kessler II. Epidemiologic studies of Par- 
kinson’s disease, III: a community-based survey. 
Am J Epidemiol. 1972;96:242-254. 

19. Goldberg ID, Kurland LT. Mortality in 33 
countries from diseases of the nervous system. 
World Neurol. 1961;3:444-465. 

20. Webster DD, Mortimer JA, Kuskowski MA. 


gests that PD, as measured by mortal- 
ity, is a disease of the elderly. With the 
increase in the elderly population in 
the coming years, it is highly likely 
that the number of parkinsonians will 
continue to rise. The allocation of med- 
ical care resources will need to accom- 
modate this increase. 
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Magnetic Resonance Imaging in Parkinson’s Disease 


Steven J. Huber, PhD; Donald W. Chakeres, MD; George W. Paulson, MD; Rohit Khanna 


@ Magnetic resonance imaging was uti- 
lized to examine changes in the pars com- 
pacta associated with Parkinson’s dis- 
ease. We found a reduction in average 
width of the pars compacta in advanced- 
but not early-stage patients. Conversely, a 
significant difference in width (right minus 
left) was observed in early- but not late- 
stage patients. Width asymmetry may be a 
sensitive magnetic resonance imaging in- 
dicator for the early detection of Parkin- 
son’s disease when there is a predomi- 
nance of unilateral clinical symptoms. 

(Arch Neurol. 1990;47:735-737) 


Two magnetic resonance imaging 

(MRI) studies'* demonstrated that 
the high-intensity signal band from 
the pars compacta region of the sub- 
stantia nigra on long repetition time 
spin echo images was significantly nar- 
rower in patients with idiopathic Par- 
kinson’s disease (PD) compared with 
controls. We examined whether the 
average width and signal contrast of 
the high-intensity signal band from 
the pars compacta is reduced in all pa- 
tients with PD, or whether these find- 
ings are specific only to those patients 
with advanced disease. In addition, we 
evaluated the possibility that differ- 
ences in the width and signal contrast 
of the pars compacta between the right 
and left sides may be a more sensitive 
measure in early-stage patients when 
there is a predominance of unilateral 
clinical symptoms. 
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PATIENTS AND METHODS 


Forty-four patients with idiopathic PD 
were evaluated by MRI. These patients had 
a mean age of 64.4 years (range, 43 to 75 
years), and the mean duration of their dis- 
ease was 7.9 years (range, 1 to 23 years). 
Patients were evaluated for severity of dis- 
ease by the Hoehn and Yahr’ scale. Sixteen 
patients were classified as having mild dis- 
ease (stages 1 and 2), and 28 had moderate/ 
severe disease (stages 3 and 4). Patients 
were also evaluated for tremor, rigidity, 
finger tapping, and foot agility on each side 
using a scale of 0 to 4, with higher numbers 
indicative of more severe involvement. The 
absolute difference from side to side was 
used to estimate degree of clinical asym- 
metry. 

Ten normal controls (spouses of the pa- 
tients) were also evaluated by MRI. None of 
the controls had evidence of neurologic dis- 
ease. This group had a mean age of 68.4 
years (range, 63 to 73 years), which was not 
significantly different from that of the pa- 
tient group (t(52) = 1.4). All participants 
gave informed consent prior to MRI. 

All subjects were imaged on a unit (Sig- 
na) operating at field strength of 1.5 T. Spin 
echo axial images were obtained using a 
repetition time of 3000 milliseconds (first 
and second echoes) and echo times of 30 
(first echo) and 80 (second echo) millisec- 
onds. All slices were 5-mm thick, with a 1- 
mm interslice gap and a field of view of 20 
em. An image matrix of 256 X 128 and flow 
compensation gradients were used. Spin 
echo coronal and sagittal images with a 
repetition time of 800 milliseconds and an 
echo time of 20 milliseconds were made. The 
angle of the scan through the midbrain was 
0° to 20° positive to the inferior orbito- 
meatal line, since a previous report! found 
no significant change in the width of the 
pars compacta within this range. 

The image best centered at the level of 
the pars compacta for each patient was re- 
viewed directly on the computer image con- 
sole. The data were extrapolated to a 
512 X 512 matrix by the computer. A com- 
puter-generated histographic plot dis- 


played the average signal intensities for a 
strip 5 pixels in width that extended across 
the cerebral peduncle, perpendicularly 
through the midportion of the pars com- 
pacta, and ended in the red nucleus near the 
cerebral aqueduct (Fig 1). This histographic 
plot was used to measure both the contrast 
and the width of the signal from the pars 
compacta area. Contrast measurements 
were calculated by dividing the peak signal 
intensity value from the pars compacta by 
the average of the lowest signal values from 
the red nucleus and the cerebral peduncle 
(the background measurement). As the sig- 
nal from the pars compacta becomes higher 
relative to the surrounding tissues, the ra- 
tio increases. The width of the pars com- 
pacta was measured in square pixels at half 
maximum height of the pars compacta 
peak. Each pixel is 0.89 mm for a 512 X 512 
matrix image, and the width measurements 
were converted to millimeters. These mea- 
surement procedures are illustrated in Fig 
2 (A). 

Four measures of both contrast and 
width of the pars compacta were generated 
for each subject. Average contrast and 
width from the two sides were calculated 
for both the first and the second echo 
images. Absolute differences in contrast 
and width between the left and the right 
sides were also calculated. All measure- 
ments were made without knowledge of 
clinical status. 

Comparisons of the MRI measures 
among the two patient groups (mild and 
moderate/severe) and the controls were 
evaluated by analysis of variance and post 
hoc comparisons (Newman-Keuls) where 
appropriate. Statistical significance was 
defined by a P value of .05 or less. 


RESULTS 


None of the analyses that involved 
the contrast measurements resulted in 
significant differences among the 
groups. The width measurements are 
summarized in the Table. There was a 
significant difference among the 
groups for average width on the first 
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Fig 1.—A spin echo axial image (repetition 
time, 3000 milliseconds; echo time, 30 milli- 
seconds) in which the high signal band of the 
pars compacta (PC) is outlined by the cerebral 
peduncle (CP) anteriorly and the red nucleus 
(RN) posteriorly. The center line used to con- 
Struct the histographic plot of average signal 
intensities across these structures is shown on 
the left. The actual plot of the relative pixel in- 
tensities is seen directly below. Arrowheads 
indicate the measurement points. 


echo images (F(2,51) = 5.3; P < .008). 
Post hoc comparisons indicated that 
there was not a significant difference 
between the patients with mild PD and 
the controls, but the average width 
was significantly narrower in patients 
with more advanced disease. There 
was a significant negative correlation 
between the average width and both 
severity (p = —.37; P < .05) and dura- 
tion of disease (r= —.33; P< .05). 
These findings suggest that narrowing 
of the signal from the pars compacta is 
associated with both more advanced 
and longer duration of disease. This 
pattern of results is illustrated in Fig 
2. Note that in the patient with ad- 
vanced disease the pars compacta 
width was zero owing to the lack of 
differentiation. This was also observed 
in one patient described by Braffman 
et al? There was not a significant dif- 
ference among the groups for average 
width on the second echo images 
(F(2,51) = 0.3). 

There was a significant difference 
among the groups for left to right 
width differences on the first echo im- 
ages (F(2,51) = 8.2; P< .0008). Pa- 
tients with mild PD had significantly 
larger differences compared with the 
other two groups (Fig 2). There was 
also a significant negative correlation 
between the difference in width and 
stage of disease (p = —.36; P < .05) and 
a positive correlation with the extent 
of differences in clinical symptoms 
from left to right (pọ =.77; P <.01). 
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Fig 2.—Representative histographic plots drawn to scale of a normal control (A), a patient with 
mild Parkinson’s disease (B), and a patient with severe disease (C). The choice of measurement 
points for the cerebral peduncle (CP), pars compacta (PC), and red nucleus (RN) for contrast and 
for width measurements are shown in subject A. Patient B had predominantly unilateral symptoms 
contralateral to the narrowed side. The measurement ponts are not discernible for patient C. 


These findings suggest that larger dif- 
ferences in width measurements from 
left to right are associated with rela- 
tively mild disease and with greater 
differences in symptom severity be- 
tween the two sides. There was not a 
significant difference among the 
groups with respect to differences in 
width measurements on the second 
echo images (F(2,51) = 0.8). 


COMMENT 


The theoretical significance of these 
MRI changes in PD is unknown. Re- 
duction in width of the high-intensity 
signal from the pars compacta may 
simply reflect selective atrophy within 
this area as observed in neuropatho- 
logic studies,* or may be a result of in- 
creased iron deposition. Olanow and 


Drayer‘ suggest that since iron facili- 
tates oxidation reactions with the gen- 
eration of free radicals, this may con- 
tribute to the pathogenesis of PD. Ev- 
idence relevant to this issue may best 
be resolved by the correlation of histo- 
logic and MRI data.' The initial step in 
the performance of such studies is the 
development of objective and reliable 
MRI measures. 

Some technical factors related to 
imaging of the midbrain deserve com- 
ment. Measurement of these struc- 
tures is difficult because they are small 
and have relatively low inherent con- 
trast. The pars compacta of the sub- 
stantia nigra cannot be measured in 
isolation by MRI, but rather this struc- 
ture is outlined by the relatively low 
signal regions of the cerebral peduncle, 
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Average Width and Differences in Width From Side to Side of the High-Intensity Signal 
From the Pars Compacta in Controls and in Patients With Mild and Moderate / Severe 
Parkinson’s Disease (PD)* 


Controls 


(n = 10) 


Average width, mm 
First echo 


Second echo 


Width difference, mm 
First echo 


Second echo 


* Data are presented as means + SEM. 
tindicates a significant difference. 


reticular substantia nigra, and red nu- 
cleus. The relatively low intensity of 
the surrounding structures may re- 
flect the presence of greater iron 
deposition.'’ These structures are not 
clearly separable and are defined by 
the transition in signal intensity, so 
that, for example, the reticular portion 
of the substantia nigra merges with 
the cerebral peduncle. 

Since the measurement of these 
structures by MRI is dependent on rel- 
ative differences, conditions associ- 
ated with reduction of image quality 
would decrease the ability to differen- 
tiate patients from controls. Increas- 
ing echo time lowers the signal, par- 
ticularly from short T, tissues such as 
the iron-containing structures second- 
ary to magnetic susceptibility. The loss 
of signal reduces the image quality and 
the signal-noise ratio. The T,-weighted 
images produce not only a greater loss 
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Moderate/ 
Severe PD 
(n = 28) 


Mild PD 
(n = 16) 





of signal but also a concomitant loss of 
width from the pars compacta. As can 
be seen in the Table, width measure- 
ments from the second echo images 
were generally narrower compared 
with those of the first echo images. 
This may explain why we were only 
able to differentiate patients from con- 
trols on the relatively short echo time 
images. 

The primary finding of the present 
study was that asymmetry in the 
width of the pars compacta was most 
evident in the early stages of disease. 
We do not, however, believe this to be 
of diagnostic significance because the 
observed difference was more a matter 
of degree rather than simple presence 
or absence. Some degree of asymmetry 
was observed in 8 of 10 controls, 15 of 
16 patients with early PD, and 14 of 28 
patients with advanced disease. In the 
mild group, we could correctly predict 


References 


17:427-442. 

4. Oppenheimer DR. Diseases of the basal gan- 
glia, cerebellum and motor neurons. In: Adams 
HJ, Corsellis JAN, Duchen LW, eds. Greenfield's 
Neuropathology. 4th ed. New York, NY: John 
Wiley & Sons Ine; 1984;699-747. 

5. Earle KM. Studies on Parkinson’s disease 
including x-ray fluorescent spectroscopy of for- 
malin-fixed brain tissue. J Neuropathol Exp Neu- 


the side of predominant motor symp- 
toms on the basis of greater narrowing 
of the pars compacta contralateral to 
the side of clinical predominance in 
only four of eight stage 2 patients with 
bilateral symptoms (one patient had 
no MRI asymmetry). However, five of 
seven patients with unilateral symp- 
toms (stage 1) were correctly pre- 
dicted. This trend, although based ona 
small sample, suggests that width 
asymmetry may be sensitive to the 
very early stages of PD. 
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The Clinical Course of Multiple Sclerosis During 
Pregnancy and the Puerperium 


Kathy Birk, MD; Corey Ford, MD; Suzanne Smeltzer, RN, EdD; Daniel Ryan, MD; Richard Miller, PhD; Richard A. Rudick, MD 


@ Eight women with multiple sclerosis 
were followed up through pregnancy. Clin- 
ical conditions, T-cell subsets, and levels 
of immunoactive pregnancy-associated 
proteins were measured twice during the 
pregnancy and twice during the first post- 
partum year. None of the women’s condi- 
tions worsened during pregnancy, al- 
though one woman reported a slight in- 
crease of symptoms. Six of the eight 
women experienced relapses within the 
first 7 weeks after delivery. The number 
and percent of CD8 suppressor T cells 
were lower, and the CD4 helper-CD8 sup- 
pressor T-cell ratio was higher in the preg- 
nant patients with multiple sclerosis com- 
pared with pregnant control women 
throughout pregnancy and the first 6 
months post partum. There was no evi- 
dent relationship between these param- 
eters and clinical disease activity. 
Levels of a-fetoprotein, a,-—pregnancy- 
associated glycoprotein, and pregnancy- 
associated plasma protein A, all immuno- 
suppressive proteins associated with 
pregnancy, were not significantly differ- 
ent in pregnant patients with multiple 
sclerosis and pregnant controls without 
multiple sclerosis. The study suggested 
that the risk of clinical relapse after 
delivery may be higher than has been 
reported previously. Furthermore, al- 
though there were differences in suppres- 
sor T cells, they were not predictably 
linked to changes in clinical disease activ- 
ity. 

(Arch Neurol. 1990;47:738-742) 
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Multivle sclerosis (MS) is a chronic, 

immune-mediated neurologic dis- 
ease acquired during young adulthood. 
At highest risk for the development of 
MS are young women in the reproduc- 
tive age group. They are often faced 
with difficult decisions regarding 
childbearing and parenthood follow- 
ing the diagnosis. The conditions of 
most women with MS stabilize or im- 
prove during pregnancy, but their risk 
for relapse in the postpartum period is 
increased. 

Retrospective studies (Table 1) have 
reported reduced exacerbation rates 
and disability during pregnancy.'* 
During pregnancy, exacerbation rates 
are reduced to about half that expected 
in nonpregnant patients with MS. Of 
all adverse events surrounding preg- 
nancy and the puerperium, two thirds 
occur in the postpartum period. The 
actual risk of worsening post partum 
for individuals with MS has been esti- 
mated at 20% to 40% in the various 
studies listed in Table 1. 

Other putative autoimmune dis- 
eases also improve or stabilize, and 
some also have a tendency to worsen 
after delivery. Clinical remission oc- 
curs during pregnancy in some women 
with rheumatoid arthritis,’°'' sys- 
temic lupus erythematosus,” and au- 
toimmune thyroiditis.’ Immunosup- 
pression during pregnancy is critical 
for survival of the fetus, which pre- 
sents an allotypic challenge to the ma- 
ternal immune system. Clinical im- 
provement in autoimmune diseases is 
probably related to this physiologic 
immune suppression. 

A number of factors may relate to 
the immunosuppression that accom- 
panies pregnancy. A slight reduction 
in the peripheral levels of helper T 
lymphocytes has been reported during 
pregnancy with a consequent lowering 
of the helper-suppressor T-cell ratio," 
while increased helper-suppressor T- 
cell ratios have been reported in asso- 
ciation with MS disease activity. Ad- 


ditionally, a number of pregnancy-as- 
sociated proteins have immuno- 
suppressive properties that may be 
important in pregnancy-related im- 
mune suppression and the apparent 
beneficial effect of pregnancy on au- 
toimmune diseases. These proteins, 
which include a-fetoprotein (AFP), œ,- 
pregnancy-associated glycoprotein, 
and pregnancy-associated plasma pro- 
tein A, have not been previously mea- 
sured in women with MS, to our knowl- 
edge. 

We report a prospective study of 
eight pregnant women with MS. We 
measured T-cell subsets and pregnan- 
cy-associated proteins with immuno- 
suppressive properties to seek correla- 
tions with changes of MS activity 
through pregnancy. 


PATIENTS AND METHODS 


A protocol was approved by the Commit- 
tee on Investigations Involving Human 
Subjects at the University of Rochester 
(NY). The study group was recruited 
through the Rochester Area MS Society 
newsletter and by letters to neurologists 
and obstetricians in and around Rochester. 
After an initial telephone interview, a neu- 
rologist (R.A.R.) confirmed the diagnosis at 
a preliminary study visit by using the 
criteria of Schumacher et al.'* Each partic- 
ipant then provided informed consent. Ten 
women entered the study, while eight 
women completed the protocol during 24 
years. One woman experienced an early 
miscarriage, and another women was de- 
livered of a neonate at 33 weeks’ gestation 
following premature rupture of membranes. 
Neither women completed the protocol. Six 
healthy women were recruited from private 
obstetric practices to serve as controls for 
T-cell and plasma protein measurements. 

Study participants were seen at 21 and 35 
weeks of pregnancy and at 6 weeks and 6 
months post partum. A standardized neu- 
rologic examination was used to assign an 
expanded disability status score (EDSS),"’ 
and the neurologist assigned a global im- 
pression—stable, better, or worse. Each 
patient participant also rated her own con- 
dition as stable, better, or worse. A relapse 
was defined as the appearance of new or 
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previous signs or symptoms that lasted for 
more than 24 hours. Worsening included a 
relapse but also was defined as an overall 
increase in disability with an insidious on- 
set that was attributable primarily to fa- 
tigue or was due to an accentuation of 
existing neurologic signs or symptoms. 
Comparison of each evaluation was made 
with the individual’s status before the 
pregnancy or to the clinical neurologic sta- 
tus during the previous study visit. Some of 
the patients were also seen at times of MS 
exacerbation, and a telephone interview 
was conducted at 1 year after delivery for 
each participant. 

At each study visit, T-cell subsets were 
measured by using standard direct im- 
munofluorescence techniques on a Coulter 
EPICS C flow cytometer. Cell counting was 
done by using fluorescein isothiocyanate- 
conjugated (Leu-3 [CD4], Leu-2 [CD8], Leu- 
4 [CD3], and control immunoglobulin) anti- 
bodies (produced by Becton Dickinson & Co, 
Mountain View, Calif), as reported.'* Cells 
were stained, fixed in 1% paraformalde- 
hyde, and stored at 4°C for less than 3 days 
before analysis. Fifty thousand cells were 
analyzed per sample. Serum levels of AFP 
were measured by using a modification of a 
standard commercial radioimmunoassay 
according to Mooney et al’; the a,-preg- 
nancy-associated glycoprotein levels were 
measured by a radioimmunoassay accord- 
ing to Damber et al”; and pregnancy-asso- 
ciated plasma protein A levels were mea- 
sured by the two-site enzyme-linked immu- 
nosorbent assay developed by Bersinger 
and Klopper.” 


RESULTS 


The eight participants who com- 
pleted the study (Table 2) ranged in 


age from 25 to 39 years. The MS diag- 
nosis had been made from 2 to 18 years 
before the study pregnancy. The dis- 
ease pattern was relapsing-remitting 
in five women and progressive in the 
other three. Two of the participants 
were nulliparous, and the others were 
multiparous. 

Seven of the eight women experi- 
enced either no change or improve- 
ment in their neurologic symptoms at 
21 weeks’ gestation. Three women, 
participants 2, 4, and 5, experienced 
subjective improvement, noting less 
fatigue and fewer sensory symptoms. 
Only patient 3 rated her condition as 
worse during pregnancy, based on 
more difficulty with gait and increased 
fatigue. Her MS had become progres- 
sive and was worsening just before the 
pregnancy. Her course during preg- 


nancy was characterized by increasing 
symptoms that persisted through the 
pregnancy, but examination results 
were stable. 

Table 2 and Fig 1 summarize the 
neurologist’s global assessment and 
the EDSS at each visit. Following de- 
livery, six of the eight women experi- 
enced relapse or worsening in the early 
postpartum period. The duration of 
time from delivery to the onset of 
worsening ranged from 2 to 7 weeks. 
Patients 2 and 5 were judged to be 
worse although their EDSS remained 
unchanged. Patient 3 experienced op- 
tic neuritis and hemiparesis 3 weeks 
post partum and was treated with 
prednisone before her first postpartum 
study visit. Her condition had im- 
proved at the time of her visit but sub- 
sequently worsened dramatically, as 


Table 1.—Clinical Course of MS During Pregnancy—Retrospective Reports 
(1950-1984) * 


No. of 
Pregnancies 


No. of Patients 
ee 
MS Worse in MS Worse in 

Pregnancy Puerperium 


Tillman? 70 6 22 


Millar et alf 170 


6 39 
2 19 


Totalt 889 





92 (10%) 264 (30%) 


* Table modified from Birk and Rudick.? MS indicates multiple sclerosis. 


tTotal number of pregnancies following MS onset. 


Table 2.—MS Diagnoses and Disease Patterns in Eight Study Participants * 


SSS 


Patient/ 
Age, y 


Improved 


Mild symptoms, 


stable disability 


Improved 


Improved 


Stable 


R-R Stable 
R-R Stable 


Pregnancy 


35 wkt EDSS 


Stable 


Delivery Nursing? 


Post Partum 


a- n aua IIIa I 
` 6-wk Condition 
and EDSSt 


Worse — gait 
disturbance, 


6-mo Condition 
and EDSSt 


Improved to baseline 
and 3.0 


sensory loss 
and 4.0 


Stable 


Stable 


Stable 


Stable 


Stable 


Worse— ataxia, 
fatigue and 3.0 


Worse—hemiparesis, 
optic neuritis 
and 3.0 
Worse—sensory loss, 
fatigue and 1.5 


Worse—increased 
weakness, 
fatigue and 1.5 


Worse—gait disturbance, 


Worse— continued slow 
progression of 
MS and 3.5 


Worse — further sensory 
loss, hemiparesis 
and 6.0 

Worse— second relapse, 
new sensory loss 
and 1.5 

Still worse— unable 
to wean steroids 
and 2.5 


Stable and 5.0 


sensory loss, 
depression and 5.0 


Stable 
Stable 


Stable and 2.0 
Stable and 2.0 


* Table modified from Birk et al.22 MS indicates multiple sclerosis; EDSS, Kurtzke Expanded Disability Status Score; R-R, relapsing-remitting disease process; SVD, 
spontaneous vaginal delivery; C-P, progressive disease pattern; C/S, primary cesarean section; and N/A, not applicable. The mean EDSS at 21 and 35 weeks of preg- 


Stable and 2.0 
Stable and N/A 





nancy was 2.4; at 6 weeks post partum, the mean EDSS was 2.8; and at 6 months post partum, the mean EDSS was 3.4. 


tBy physician global impression. 
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reflected by her EDSS score at her 
6-month postpartum visit. Patient 4 
experienced a mild relapse at 5 weeks 
post partum, recovered fully, and had 
a second relapse at 6 months post par- 
tum. 

Postpartum relapses resolved with 
an eventual return to baseline values 
in patients 1, 4, and 6. Two patients 
with chronic progressive disease (Nos. 
2 and 3) and one with previously be- 
nign relapsing-remitting disease (No. 
5) all experienced a gradual and in- 
complete recovery from their early 
postpartum relapses. Patient 3 experi- 
enced an accelerated rate of progres- 
sion after her delivery that continued 
throughout the entire first postpartum 
year. 


6.0 
5.0 
R 4.0 
QO 
Lu 
3.0 
1.0 


Pregnancy Post Partum 
35 Weeks Gestation vs 
6 Months Post Partum 
Fig 1.—Expanded disability status score 
(EDSS) for eight pregnant patients with multi- 
ple sclerosis at 35 weeks’ pregnancy (at left) 
compared with 6 months post partum (at right). 


Pregnancy | Post Partum o 
2 
ə 
(J 
C] 
LJ 
L 
LJ 
1 5 4 46 66 


3 0 
Weeks From Conception 






% Positive Cells 
© 
©) 


2 


The mean EDSS increased at 6 
weeks post partum and further at 6 
months post partum compared with 
the EDSS at 35 weeks’ gestation. At 35 
weeks’ gestation, the mean EDSS score 
was 2.4, increasing at 6 weeks post 
partum to 2.8 and further at 6 months 
post partum to 3.4. 

The annualized relapse rate during 
pregnancy was 0.17 compared with an 
anticipated relapse rate of 0.66.” The 
annualized postpartum relapse rate 
computed during the 6-month postpar- 
tum observation period was 1.74 (sev- 
en episodes of worsening in eight wom- 
en). Most relapses occurred during the 
first 3 months post partum during 
which the annualized relapse rate was 
3. Thus, the calculated relapse rate was 
increased 17.7-fold in the first 3 
months post partum compared with 
pregnancy, and it increased 10.2-fold 
in the first 6 months post partum com- 
pared with pregnancy. 

The following case histories are pro- 
vided for two of the three participants 
who experienced significant clinical 
worsening post partum. 


CasE 1.—A 25-year-old single white 
woman had two previous uncomplicated 
term vaginal deliveries and two abortions. 
Multiple sclerosis was diagnosed at the age 
of 15 years. She had a number of exacerba- 
tions, from which she had substantially re- 
covered with minimal physical impair- 


Post Partum 


Pregnancy 


% Positive Cells 





Weeks From Conception 


ment. She experienced right-hand numb- 
ness just before the study pregnancy but 
during the pregnancy had no new symp- 
toms. At 21 and 35 weeks’ gestation, she had 
a slightly ataxic gait, pale optic discs, bilat- 
eral horizontal nystagmus, slight dysar- 
thria, extensor plantar responses, and de- 
creased two-point discrimination over the 
fingers of her right hand. Her EDSS during 
pregnancy was 2.0. A cerebrospinal fluid 
examination at 35 weeks’ gestation showed 
a marked elevation of gamma globulin lev- 
els (9.6 mg/dL; 33.2% of total protein). The 
concentration of IgG was markedly in- 
creased at 0.136 g/L. Oligoclonal bands 
were present. 

After a spontaneous term vaginal deliv- 
ery of a 3458-g male neonate, she underwent 
a bilateral tubal ligation under general an- 
esthesia on the second postpartum day. She 
was given bromocriptine to suppress lacta- 
tion and bottle-fed her infant. At her first 
postpartum study visit 7 weeks post par- 
tum, she noted weakness in both lower ex- 
tremities and numbness and tingling of 
both legs and her right arm. She noted a 
progressive gait disturbance in the previous 
2 to 3 weeks, as well as a spasm of her right 
arm and leg and urinary incontinence. On 
examination, there was an impaired vibra- 
tory and pain sensation in both legs, dys- 
metric finger tapping, a slight intention 
tremor of all four extremities, decreased 
strength in her left leg, and a paraparetic 
gait. Her EDSS was 4.0. A repeated cere- 
brospinal fluid analysis showed more 
marked IgG abnormalities that consisted of 
increased gamma globulin levels (17.1 mg/ 
dL; 38% of total protein) and an increase in 
the IgG concentration (0.159 g/L). She was 


Post Partum 


Pregnancy 


% Positive Cells 





Weeks From Conception 


Fig 2.—Percentage of CD4 helper T lymphocytes (left), CD8 suppressor T lymphocytes (center), and CD4-CD8 ratio (right) 
in pregnant patients with multiple sclerosis (squares) and pregnant controls (circles). See text for data and significance. 
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21 35 40 46 66 
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Fig 3.— Serum levels of a-fetoprotein (AFP) (left), a.-pregnancy-associated glycoprotein (a,-PAG) (center), and pregnancy- 
associated plasma protein A (PAPP-A) (right) in pregnant patients with multiple sclerosis (squares) and pregnant controls (cir- 
cles). No statistically significant differences were observed. LMP indicates last menstrual period. 
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treated with prednisone. At 6 months post 
partum, her condition improved, particu- 
larly with respect to her gait. Visual acuity 
was decreased in both eyes, but her 
strength and cerebellar examination re- 
sults were improved, and her EDSS was 3.0. 

Case 3.—A 33-year-old white woman had 
two prior term vaginal deliveries. Multiple 
sclerosis was diagnosed in the year preced- 
ing the study pregnancy and had been 
relapsing-remitting with sensory symp- 
toms, gait ataxia, and fatigue. Just before 
the study pregnancy, she noted increasing 
fatigue and bilateral leg weakness and 
stiffness. These symptoms persisted during 
the pregnancy. At 21 and 35 weeks’ gesta- 
tion, she had a slight weakness in her hand 
intrinsic muscles, wrist extensors, both hip 
flexors, and her right hamstring. There was 
bilateral unsustained clonus at both ankles 
and a paraparetic gait. Her EDSS was 3.0. 
Although she felt symptomatically worse 
at 35 weeks, reporting almost constant 
numbness and tingling in her hands and 
feet, her examination results were not 
changed, and the EDSS remained 3.0. 

The patient was delivered of a healthy 
3964-g female neonate at term. Within 2 
weeks of the delivery, she began having 
considerable difficulty with her vision, bi- 
lateral retro-orbital pain, and impaired 
balance. Prednisone was prescribed. Her 
condition improved slowly during the ensu- 
ing 4 weeks so that by her 6-week postpar- 
tum study visit, her examination results 
were unchanged from those findings during 
pregnancy, and her EDSS remained 3.0. 
After discontinuing prednisone, her symp- 
toms again increased with a rapidly pro- 
gressive leg weakness, numbness, gait in- 
stability, and fatigue. By the fourth post- 
partum month, prednisone was again 
prescribed. At 6 months post partum, her 
EDSS was 6.0 because of new visual, sen- 
sory, cerebellar, and gait dysfunction. 


The percentage and number of CD4 
helper T lymphocytes were decreased 
in the patients with MS compared with 
pregnant controls without MS (Fig 2, 
left). The CD4* cells were decreased 
significantly at 21 weeks’ gestation 
(28% + 9.5% vs 41% + 7.6%, P = .02) 
and at 6 months post partum 
(834% +46% vs 48% +56%, P= 
.001), while the differences did not 
reach statistical significance at 35 
weeks’ gestation or 6 weeks post par- 
tum. The percentage and number of 
CD8 suppressor T lymphocytes were 
decreased in pregnancy patients with 
MS compared with controls at each of 
the study visits (Fig 2, center), al- 
though this difference did not reach 
statistical significance. The CD4-CD8 
ratio was reduced in pregnant patients 
with MS compared with pregnant con- 
trols at all visits (Fig 2, right). This 
difference also failed to achieve statis- 
tical significance, however. Although 
clinical evidence for disease activity 
was markedly different during preg- 
nancy compared with post partum, 
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differences in suppressor and helper- 
suppressor ratios were observed 
throughout pregnancy and the post- 
partum period. They did not appear to 
correlate with the changes observed 
clinically in individual patients or in 
the group collectively. 

The serum concentrations of AFP, 
a,-pregnancy-associated glycoprotein, 
and pregnancy-associated plasma pro- 
tein A were not different in pregnant 
patients with MS and pregnant con- 
trols without MS (Fig 3). These preg- 
nancy-associated proteins increased 
through the pregnancy and fell 
abruptly in the postpartum period. 

Obstetric parameters were not 
changed from expected norms. There 
was only one spontaneous miscarriage 
among the 10 original participants. 
The other participant who was unable 
to complete the protocol was delivered 
of a neonate at 33 weeks following pre- 
mature rupture of membranes that 
was managed expectantly for 1 week. 
Her infant suffered from an undefined 
neuromuscular abnormality. Seven of 
the eight participants had normal 
spontaneous vaginal deliveries. One 
had a primary cesarean section for the 
indication of breech presentation. The 
surgery was performed with the pa- 
tient under epidural anesthesia, and 
one other patient had epidural anes- 
thesia during her labor without any 
adverse consequences. There were no 
noted delivery complications. In fact, 
the cesarean section rate of only 12.5% 
in this small sample was considerably 
below current national levels. 

Half of the infants were nursed. Of 
the two patients who did well after de- 
livery, one was breast-feeding and one 
was not. Patient 5 experienced an on- 
set of postpartum worsening at 7 
weeks when she first noticed a decrease 
in afternoon milk production and in 
her capacity to nurse her infant due to 
fatigue and arm weakness late in the 
day. 

The eight infants delivered were all 
within normal ranges for weight and 
length and were described to be 
healthy at birth. One infant (No. 1) 
died at 13 months of age of sudden in- 
fant death syndrome. The remaining 
children are alive and well and range 
in age from 12 to 26 months at the time 
of this report. 


COMMENT 


In this prospective study, the MS re- 
lapse rate during pregnancy was less 
than half that expected, which con- 
firms previously reported findings in 
retrospective surveys. The rate of clin- 
ical relapse was much higher in the 
postpartum period than previously re- 


ported. Six (75% ) of eight women ex- 
perienced a flare in their MS post par- 
tum. The calculated annualized re- 
lapse rate for the initial 6 months post 
partum was 10 times the rate observed 
in the same women during gestation. 

The mean EDSS worsened in this 
population of patients with MS from 
2.4 late in pregnancy to 2.8 at 6 weeks 
post partum and to 3.4 at 6 months post 
partum. Although other investiga- 
tors'’** have suggested that a woman’s 
gestational history is unrelated to sub- 
sequent disability, our experience was 
not designed to clarify whether preg- 
nancy affects the overall course 
of disease in our patients. Long-term 
prospective studies might clarify 
this issue, although unavoidable meth- 
odologic constraints make interpreta- 
tion difficult. For example, women 
with MS may choose the number of 
pregnancies in part based on the se- 
verity of illness. This would bias study 
results in favor of finding no correla- 
tion between pregnancy and advancing 
physical impairment. 

We measured T-cell subsets and a 
number of pregnancy-associated plas- 
ma proteins to determine correlations 
with clinical assessments. We found no 
differences between pregnant patients 
with MS and pregnant control women 
for levels of AFP, a,-pregnancy-asso- 
ciated glycoprotein, or pregnancy-as- 
sociated plasma protein A. There were 
differences in T-cell subsets between 
patients with MS and_ controls 
throughout pregnancy, but the values 
of CD8 and CD4 or the CD4-CD8 ratio 
within the group with MS did not ap- 
pear to correlate with clinical fluctua- 
tions related to MS. 

Suppressor effector cell (CD8*) 
numbers’ and function® are report- 
edly decreased in association with ac- 
tive MS. The functional suppressor 
deficit may relate to deficient suppres- 
sor inducer cells—cells with a CD4 
phenotype that activate CD8 suppres- 
sor cells.* We measured neither sup- 
pressor inducer cells nor suppressor 
function in our patients. We did note, 
however, that pregnant patients with 
MS had lower numbers and percent- 
ages of CD8 and CD4 cells, as well as 
higher CD4-CD8 ratios throughout 
pregnancy. The conditions of all pa- 
tients were clinically stable during 
pregnancy despite low CD8 cells, sug- 
gesting that other mechanisms may be 
more closely linked to disease fluctua- 
tions than the T-cell subsets that we 
measured. These T-cell studies were, in 
the case of postpartum relapses, ob- 
tained at varying times during the 
course of clinical disease activity. 

Thus, clear explanations for what 
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appears to be predictable pregnancy- 
related remission in MS are lacking. 
The AFP level has been studied in an- 
imal models of MS” and seems to treat 
and prevent the induction of experi- 
mental allergic encephalomyelitis. 
The AFP is a 70-kd protein produced 
by the fetus. Maternal serum concen- 
tration increases throughout preg- 
nancy. It exerts significant immuno- 
suppressive effects on T cells in vitro at 
physiologic levels. It has been found to 
suppress experimental allergic en- 
cephalomyelitis and has the capacity 
to induce suppressor T cells. Other 
proteins have been shown to be po- 
tently immunosuppressive to cell-me- 
diated immunity in concentrations 
that are present in pregnant women. 
One of these, a,-pregnancy-associated 
glycoprotein, is also present in low 
concentrations in men and in nonpreg- 
nant women. a,-Pregnancy-associated 
glycoprotein is a 360-kd macroglobulin 
that potently and specifically sup- 
presses T-cell-mediated immunity at 
physiologic concentrations. Preg- 
nancy-associated plasma protein A is 
an 800-kd glycoprotein produced by a 
trophoblast that inhibits the activity 
of lymphokines produced by maternal 
lymphocytes, inhibits complement- 
mediated lysis of the trophoblast, and 
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impairs immunoadherence of mac- 
rophages. These functions are likely 
to be exerted at the maternal-fetal 
surface. Future avenues of research 
could include in vitro work and animal 
studies of pregnancy-related pro- 
teins. 

Reproductive age women with MS 
present a number of questions to their 
obstetricians and neurologists regard- 
ing the advisability of pregnancy and 
the likelihood of disease worsening 
during or after a pregnancy. Counsel- 
ing these women involves considering 
a number of issues that have been re- 
viewed elsewhere.’ Certainly, the re- 
sults of this study are consistent with 
those of previous reports, indicating 
that pregnancy is a period of a relative 
reduction in disease activity, while the 
postpartum period is associated with a 
high risk for relapse. The magnitude of 
this postpartum risk was 75% in our 
prospective study, considerably higher 
than the risk reported in prior studies, 
all of which reviewed clinical experi- 
ence retrospectively. Among the 
women with postpartum worsening, 
the presentation was variable. Half of 
these participants had symptoms that 
were mild and transient, while half 
experienced more severe and pro- 
longed relapses than they had previ- 
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ously. 

The predictability of postpartum re- 
lapse implies that planning for extra 
help at home is indicated to support 
the new mother in the critical first few 
months following delivery. Addition- 
ally, women planning a return to work 
need to know that they may require 
more than the typical 6- to 8-week dis- 
ability leave provided in many jobs. 

Pregnant women with MS provide a 
natural model for positive and nega- 
tive modulation of an illness that re- 
mains enigmatic. Clues to effective and 
safe treatment to control MS may lie in 
the natural protection that pregnancy 
provides. Mechanisms should be clari- 
fied in animal and in vitro studies. 
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@ Serum viral antibody titers against 21 
viruses were studied in 19 of 23 same-sex 
twin pairs with multiple sclerosis derived 
from the Finnish Twin Cohort. Thorough 
neurologic examinations showed two 
monozygotic pairs to be concordant, 
whereas all dizygotic pairs were discor- 
dant. Special attention was given to mea- 
sles, mumps, and rubella viruses, against 
which the antibody levels were deter- 
mined with the complement fixation, 
hemagglutination inhibition, hemolysis-in- 
gel, and enzyme immunoassay methods. 
Epstein-Barr virus antibody levels were 
determined by enzyme assay. In pairwise 
comparisons, the measles, mumps, and 
Epstein-Barr virus-lgG antibody levels 
were more often elevated in the patients 
with multiple sclerosis, compared with the 
healthy co-twins. The same antibody lev- 
els were more often above the median in 
the diseased twin, compared with the 
healthy twin, but the difference was not 
significant. No human T-cell lymphotropic 
virus type | antibodies were found in any of 
the individuals examined. The total IgG, 
IgA, and IgM levels did not differ between 
the diseased and healthy subjects. The 
HLA types, severity of the disease, and 
cell-mediated immunity parameters did 
not influence antibody levels. 

(Arch Neurol. 1990;47:743-746) 


T he suggestion of the triggering role 

of viruses in the etiopathogenesis 
of multiple sclerosis (MS) is based on 
both epidemiological observations! 
and data on elevated antibody titers 
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found in the serum and cerebrospinal 
fluid of patients with MS.: Most 
studies report high antibody titers of 
measles virus,” but elevated titers 
have also been demonstrated against a 
few other enveloped viruses,'''* espe- 
cially mumps, rubella, and Epstein- 
Barr (EBV) virus. Some of the most 
recent reports have shown raised lev- 
els of circulating antibodies to human 
T-cell lymphotropic virus type I.'>!° In 
this study, we compared different 
methods for determining viral anti- 
body levels in 19 of 23 Finnish twin 
pairs with MS. 


SUBJECTS AND METHODS 
Subjects 


Recently, we carried out a comprehensive 
twin study on MS based on a nationwide 
Finnish Twin Cohort.'”'’ In 1987 the cohort 
included all Finnish same-sex twin pairs 
with both members alive at the end of 1985. 
The total number of pairs, derived from a 
total population of 4.9 million, was 27100 
(10177 monozygotic [MZ] and 16923 dizy- 
gotic [DZ] pairs). These data were linked 
with the Hospital Discharge Register and 
with the registers of the Social Security In- 
stitution using the identification number 
assigned to each Finnish citizen. All pa- 
tients with a diagnosis of MS, coded accord- 
ing to the International Statistical Classi- 
fication of Diseases, Injuries, and Causes of 
Death were included. 

Altogether, 23 twin pairs showed at least 
one affected member with MS. Of these, 19 
pairs were subjected to detailed clinical, 
immunological, and virological investiga- 
tions (Table 1).'* Two MZ pairs were con- 
cordant (in one pair, the co-twin of the in- 
dex case had definite MS; in the other, 
probable). Eight MZ pairs were discordant, 
and all nine DZ pairs proved to be discor- 
dant. In addition to detailed history and 
clinical findings, the discordance was based 
on normal magnetic resonance imaging 
scans and on normal recorded visual and 
brain-stem auditory evoked responses. 

Serum samples obtained from 19 twin 
pairs were assayed for antibodies against 
21 viruses. Special attention was paid to 


different methods of determining measles, 
mumps, and rubella antibodies. HLA anti- 
gens of all subjects were analyzed. 


Serological Analysis 


Complement-fixing serum antibody titer 
determinations were performed against the 
following 19 antigens: adenovirus; influ- 
enza A and B; parainfluenza 1, 2, and 3; 
mumps; respiratory syncytial virus; herpes 
simplex virus; cytomegalovirus; coxsackie- 
virus B5; poliovirus 1, 2, and 3; echovirus 11; 
measles; varicella zoster; rubella; and rota- 
virus. They were also determined against 
Toxoplasma, Mycoplasma pneumoniae, and 
Chlamydia. 

Measles antibodies were also measured 
by the hemagglutination inhibition (HAI) 
method using African green monkey red 
blood cells.” 

Commercial reagents were used for the 
virus-specific measles, mumps, and rubella 
enzyme immunoassay (EIA )-IgG and mea- 
sles EIA-IgM assays (Enzygnost, Behring- 
werke AG, Marburg, West Germany); for 
the EBV EIA-IgG assays (Virgo, Electro- 
Nucleonics Inc); and for the hemolysis- 
in-gel assays of antibodies to mumps and 
rubella (Orivir),?°! 

Human T-cell lymphotropic virus type I 
antibodies were studied using a commercial 
Western blot kit (Du Pont). Serum immu- 
noglobulins were measured by radial im- 
munodiffusion according to Mancini. 


Statistical Methods 


The pairwise comparisons of the titers of 
virus-specific antibodies were made by Mc- 
Nemar’s test and for the logarithm scale ti- 
ters of EIA antibodies (normal distribu- 
tion) by Student’s ¢ test. 


RESULTS 


The mean antibody titers of measles, 
mumps, rubella, and EBV, determined 
by the methods described above, are 
summarized in Table 2. No statisti- 
cally significant differences were 
found. 

In complement-fixing antibody as- 
says for the various viruses, no signs of 
recent or persistent infection were de- 


Multiple Sclerosis—Kinnunen et al 743 


tected. In pairwise comparison, pa- 
tients with MS and their healthy co- 
twins did not differ. 

In six patients with MS and two 
healthy subjects the measles HAI titer 
was at least fourfold higher in pair- 
wise comparison (Table 3). The differ- 
ence in the series of 17 discordant pairs 
was statistically nonsignificant, how- 
ever (relative risk, 3.0; P = .18). Only 
two of the examined subjects (one dis- 
eased and one healthy) were seroneg- 
ative (titers, 1:16). The hemolysis-in- 
gel titers against mumps and rubella 
showed nonsignificant differences in 
pairwise comparison. 

None of the examined twins had 
measurable levels of measles virus 
IgM antibodies by EIA, while the lev- 
els of measles EIA-IgG antibodies var- 
ied from low to very high, the distri- 
bution being largely symmetrical. 

Four of the six patients with higher 
measles HAI titers and one additional 
proband had significantly increased 
EIA-IgG antibody levels in pairwise 
comparison. Only one healthy person 
had a significantly higher EIA-IgG 
antibody titer than the diseased co- 
twin. A similar distribution was found 
in both mumps and EBV EIA-IgG 
titers (relative risk, 5.0; P = .12 for 
each of them). One patient (No. 12a) 
had an increased antibody titer 
against these three viruses; and three 
patients, against two of these viruses. 
Rubella EIA-IgG antibody titers at 
least fourfold higher were observed in 
six patients and three healthy twins in 
pairwise comparison. 

The highest measles EIA-IgG titer 
was observed in the patient with the 
longest disease duration and the most 
severe disability (No. 12a), but, in gen- 
eral, no clear correlation between ti- 
ters and duration or severity of MS 
was found. Zygosity did not influence 
the difference between various anti- 
body titers. 

Comparison of the different anti- 
body levels in discordant pairs is pre- 
sented in Table 4. The median antibody 
titers of measles were highest, and the 
antibody levels of measles and EBV 
were more often above the median in 
the patients than in the healthy indi- 
viduals. However, the differences be-’ 
tween the patients and their healthy 
co-twins were not statistically signifi- 
cant. High measles and rubella EIA 
antibody levels (=1:10 000) were found 
in 11 and 5 patients with MS, compared 
with 8 and 3 healthy co-twins, respec- 
tively. Low measles antibody titers 
(<1:1000) were observed in 1 patient 
with MS and in 2 healthy subjects. No 
one expressed high mumps EIJA-IgG 
antibody levels. The antibody levels 
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Table 1.—Clinical Characteristics and Occurrence of the HLA Antigens DR2 and B7 in 
17 Discordant Twin Pairs With Multiple Sclerosis (MS) * 


Duration 
of MS, y 


Age, 

Pair Zygosity y 
t8 MZ 47 11 
1b 
2a MZ 42 24 
2b 
3a MZ 39 13 
3b 
sa MZ 30 10 
4b 
Ga MZ 29 10 
5b 
Ga MZ 44 
6b 
ta MZ 40 13 


oO 


œ 


10a DZ 45 

10b 

1ta DZ 50 23 
11b 

12a DZ 59 49 
12b 

13a DZ 34 17 
13b 


DZ 29 13 
15b 
16a DZ 27 
16b 
17a DZ 41 24 
17b 












EDSS HLA-DR2 HLA-B7 
3.0 + + 
0 + + 
3.5 -~ ~ 
O — =< 
5.0 + - 
0 + - 
5.0 + + 
0 + + 
6.5 + + 
0 + + 
2.0 -— + 
0 = + 
4.0 - ~ 





O 






TI 





2.5 


6.0 - - 
(0) — — 
3.5 - + 
O - + 
9.0 - -= 
0 + + 
8.0 - - 
(0) — 





1.5 = - 
0 + ~ 
1.5 = ~ 
(0) — — 
8.0 =- 
(0) — _ 


* EDSS indicates expanded disability status scale (from O to 10); MZ, monozygotic; DZ, dizygotic; plus sign, 


positive; and minus sign, negative. 


Table 2.—Mean Antibody Titers of Measles, Mumps, Rubella, and Epstein-Barr Virus 
(EBV) in 17 Discordant Twin Pairs * 


Virus Method Patients (GMT + SE)t Healthy Co-twins (GMT + SE) 


Measles CF + 


EIA-IgG 


EIA-IgG 
Rubella 


EIA-IgG 


EIA-IgG 





3.66 + 0.37 
2.41 + 0.22 


2.22 + 0.19 


* CF indicates complement fixation; HAI, hemagglutination inhibition; EIA, enzyme immunoassay; HIG, hemol- 
ysis-in-gel (expressed as diameter of hemolysis, mm); and GMT, geometric mean titer. 
tReciprocals of HAI and EIA titers as —log,,. and of CF titers as —log,. 


against EBV were, in general, low. 
None of the samples demonstrated 
any reactivity to the human T-cell 
lymphotropic virus type I test kit. 
The concentration of IgG, IgA, and 
IgM in serum did not differ between 


the patients and their healthy co- 
twins: 11.6 + 2.6 vs 11.7 + 2.9 g/L for 
IgG (mean + SD, 14 pairs): 2.7 + 1.8 
vs 2.7 + 1.0 for IgA; and 2.2 + 0.6 vs 
2.0 + 0.7 for IgM. 

Ten (59%) and 9 (53%) of the pa- 
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Table 3.—Pairwise Comparison of Measles, Mumps, Rubella, and Epstein-Barr Virus 
(EBV) Antibody Titers in 17 Discordant Twin Pairs * 


Measles 


Rubella 





* CF indicates complement fixation; HAI, hemagglutination inhibition; EIA, enzyme immunoassay; HIG, hemol- 
ysis-in-gel; plus sign, titer at least fourfold higher or diameter at least 2 mm larger in proband by HIG method; 


zero, less than fourfold difference in titers or less than 2-mm difference in the diameter between the co-twins 


by HIG method; and minus sign, titer at fourfold higher or diameter at least 2 mm larger in the healthy co-twin 


by HIG method. 
tP = .18. 
+P = .12. 


Table 4.—Measles, Mumps, Rubella, and Epstein-Barr Virus (EBV) Antibody Levels in 
17 Discordant Twin Pairs * 


Virus Method 
Measles HAI 


EIA-IgG 


EIA-IgG 


Rubella 


EIA-IgG 


Antibody Titert 
Median 1:1024 
Twofold 1:2048 
Fourfold 1:4096 
Median 1:14028 
Twofold 1:28056 
Fourfold 1:56 112 
Median 5mm 
6 mm 
7mm 
Median 1:713 
Twofold 1:1426 
Fourfold 1:2852 
Median 10 mm 
11mm 
12 mm 
Median 1:5182 
Twofold 1:10364 
Fourfold 1:20728 


EIA-IgG Median 1:231 
Twofold 1:462 


Fourfold 1:924 


Patientst Healthy Co-twinst 
17 8 


ON ]—$ |W/D/O/WO/Ol/$H$/RIN[O[AlLOLOIlMI Osi rm/lsA 





* HAI indicates hemagglutination inhibition; EIA, enzyme immunoassay; and HIG, hemolysis-in-gel. 
tMedian of 34 serum samples from patients with multiple sclerosis and their healthy co-twins. 
Number of individuals with indicated or higher antibody level. 


§P = .18. 
IP = .17. 


tients with MS in 17 discordant twin 
pairs were DR2 and B7 positive, re- 
spectively, whereas the corresponding 
numbers for healthy co-twins were 8 
(47%) and 8. Both concordant pairs 
were DR2 but not B7 positive. The fre- 
quency of these two alleles in both the 
diseased and the healthy twins was 
significantly higher than that among 
900 healthy Finnish blood donors (34% 
for DR2 and 24% for B7). The other 
alleles did not show significant differ- 
ences compared with the blood donors 
or pairwise. The patients with DR2 or 
B7 alleles did not have higher mean ti- 
ters for any type of measles antibodies 
compared with subjects not expressing 
these alleles; nor was there any signif- 
icant deviation in pairs in which the 
index case expressed these alleles but 
the healthy co-twin did not. 
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COMMENT 


The significance of the antibodies to 
several viruses, especially in reference 
to their importance in the pathogene- 
sis of MS, is unclear. Since the 1960s, 
interest has mostly been focused on 
the measles virus. No convincing evi- 
dence for persisting viral infection in 
terms of immunological or molecular 
methods in patients with MS has been 
shown.” Several other theories have 
been presented to explain the elevated 
levels of antibodies in patients with 
MS. Studies of genetic predisposition 
to produce increased measles antibody 
levels have yielded contradictory 
data.”*”’ Because of a latent period of 
several years or decades between the 
presumed triggering infection and the 
clinical manifestations of MS, as sug- 


gested by several epidemiological 
studies, there are problems in inter- 
preting the virological data. 

In recent years, special attention 
has been focused on cross-reacting an- 
tibodies between viruses and host tis- 
sues. Monoclonal antibodies to certain 
polypeptides of measles,” herpes sim- 
plex,” and vaccinia” virus have been 
shown to cross-react with cellular in- 
termediate filaments, or neurons. 
Shared amino acid sequences have 
been found between myelin basic pro- 
teins and virus polypeptides, such as 
measles, influenza A and B, and other 
viruses that cause upper respiratory 
tract infections.*° These observations 
have suggested that several enveloped 
viruses could be initiators of a chain of 
immunological events leading to de- 
myelination of nerve fibers. 

It has also been postulated that MS 
may involve a basic defect in immuno- 
regulation that would allow continued 
antibody production. It has been sug- 
gested that polyclonal activation of 
memory B lymphocytes might account 
for random antibody production to 
different viruses. This, however, has 
been disputed, since elevated titers 
against only a few enveloped viruses 
have been found. 

Our present series comprises a 
unique MS twin cohort: all available 
Finnish pairs of which many different 
aspects in reference to the pathogene- 
sis of MS have been considered. Since 
most MS lesions are known to be 
asymptomatic, neuroradiological and 
neurophysiological examinations were 
performed to exclude silent cases of 
MS. In 17 discordant pairs, the mean 
follow-up after the proband in the in- 
dex case had been stricken with MS 
was 18 years, the shortest time being 
2 years. On the other hand, only three 
pairs were aged 50 years or over, ie, 
over the age after which the appear- 
ance of MS is unusual. 

The retrospective analysis of clinical 
childhood infections gave evidence 
that 18 pairs had contracted measles. 
In one pair (No. 4), no reliable data 
about this could be obtained. High 
measles antibody levels, however, 
showed serological evidence of previ- 
ous infection. In all pairs but one, 
measles had manifested simulta- 
neously. In pair No. 10, the healthy co- 
twin had not had symptoms of mea- 
sles. The mean age at onset of measles 
was 7 years (range, 2 to 14 years). One 
patient (12a) had the first transient 
symptoms of MS at the age of 10 years, 
shortly after having had the measles. 

The aim of this study was to use 
healthy co-twins of the patients with 
MS as controls. For many obvious rea- 
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sons they are exceptionally suitable 
for this purpose. The measles, mumps, 
and rubella antibody levels were de- 
termined by several methods. These 
methods are known to measure anti- 
bodies directed to different epitopes of 
the viruses. All methods used are able 
to reveal an acute infection, but they 
have remarkable differences in sensi- 
tivity to measure the persistence of 
immunity. 

The complement-fixing antibody 
levels are generally elevated only 
shortly after a viral infection. Accord- 
ingly, none of the patients examined 
showed any evidence of recent infec- 
tion with measles, mumps, or rubella. 
The HAI measles antibody levels were 
generally high, and in six pairs they 
were significantly higher in the dis- 
eased co-twin. This finding, however, 
was not uniform, but in two DZ pairs 
the result was opposite. In one of these 
two pairs, the EIA-IgG titer was also 
higher in the healthy co-twin. The age 
of this pair was 34 years, leaving a 
possibility of mild or developing MS in 
the healthy co-twin. Both co-twins of 
these pairs were HLA-DR2 negative. 
All subjects had EIA-IgG antibodies, 
which means that sometime in the past 
they had had measles. On the contrary, 
none of the subjects had EIA-IgM an- 
tibodies, the levels of which are ele- 
vated during an acute disease. 

The only earlier study on twins with 
MS showed increased cerebrospinal 
fluid antibody titers by the enzyme- 
linked immunosorbent assay tech- 
nique for measles, rubella, and vac- 
cinia only when pairing was ignored, 
but no significant differences were ob- 
served for serum titers of measles, ru- 
bella, corona, vaccinia, or mumps 
viruses.”’ Our results show high levels 
of measles antibodies by HAI and 
EIA-IgG methods in several of the 
diseased and in some of the healthy 
co-twins. They point to a good immu- 
nity against measles, but the absence 
of complement-fixing and EIA-IgM 
antibodies argues against a persistent 
infection. In some serum samples, the 
EIA-IgG methods are known to reveal 
exceptionally high titers: 1:100000 or 
more. The meaning of these titers is 
unclear; they might be due to method- 
ological nonspecific factors. 

Because routine diagnostic studies 
of serum samples in virus laboratories 
usually aim to reveal acute infections, 
such specimens from different age 
groups could not be used as reference 
material. 

Among the 11 out of 17 discordant 
twin pairs (5 MZ and 6 DZ), we simul- 
taneously examined the level and ki- 
netics of interleukin-2 receptor ex- 
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pression, DNA synthesis, interferon 
gamma secretion, and major histo- 
compatibility complex locus II antigen 
expression,” but found no significant 
differences between the diseased and 
healthy co-twins. These findings do not 
support several postulations that 
these cell-mediated immunological ab- 
normalities could be the cause of ab- 
normal antibody responses. Neither 
could we detect any significant differ- 
ences in the concentration of serum 
IgG, IgA, or IgM between the patients 
and the healthy individuals, which 
does not suggest nonspecific increased 
production of immunoglobulins. Zy- 
gosity, HLA types, or the speed of dis- 
ease progression seem not to affect an- 
tibody levels. Thorough analysis of 
occupational and environmental 
chemical exposure among these pairs 
revealed no association between MS 
and previous exposures.” 

Our findings do not support the view 
that MS is triggered by any single vi- 
rus. We did not find any statistically 
significant abnormalities. The mean- 
ing of the high antibody responses ob- 
served remains unclear as regards the 
etiopathogenesis of MS. Because of the 
relative infrequency of available twin 
pairs, multicenter studies would give 
more conclusive data. 
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Brain Hypometabolic Pattern and Clinicometabolic Correlations 
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è in 41 patients with progressive supra- 
nuclear palsy (PSP) that was diagnosed on 
the basis of eight clinical criteria (25 pa- 
tients with all eight criteria [probable PSP] 
and 16 with six or seven criteria [possible 
PSP]), we studied cerebral energy metab- 
olism by using positron emission tomog- 
raphy and the fludeoxyglucose F 18 or the 
oxygen 15 method. Compared with age- 
matched controls, each of the cortical and 
subcortical metabolic values was signifi- 
cantly reduced, with a predominance in 
the frontal cortex, in both groups of pa- 
tients with probable and possible PSP, 
without a difference between these two 
groups, suggesting similar underlying dis- 
ease. The frontal metabolic value de- 
creased with disease duration, but the rel- 
ative frontal hypometabolism (expressed 
as the fronto-occipital metabolic ratio) 
was apparently already present in the 
early stages of the disease. The parkinso- 
nian motor score was correlated with the 
caudate and thalamic metabolic values. 
The intellectual deterioration index was 
significantly correlated with both the fron- 
tal and the nonfrontal metabolic values. 
Finally, the frontal neuropsychological 
score was significantly correlated with 
only the fronto-occipital metabolic ratio. 
Hence, in PSP, a degenerative brain dis- 
ease with subcortical lesions, the promi- 
nent frontal lobe-like syndrome essen- 
tially depends on the relative hypometab- 
olism of the frontal cortex. 

(Arch Neurol. 1990;47:747-752) 
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rogressive supranuclear palsy 

(PSP) has recently been the matter 
of extensive clinical,'* neuropsy- 
chological,“ neurochemical," neuro- 
pathological, ”"? and neurometabol- 
ic?" investigations. This focus of in- 
terest on PSP essentially results from 
the quasi-exclusively subcortical local- 
ization of lesions in this neurodegen- 
erative process, making it a potential 
model of progressive cortical deaffer- 
entation to explain intellectual and 
behavioral impairment’®!? (“subcorti- 
cal dementia”), with attending thera- 
peutic implications.” 

By using positron emission tomog- 
raphy (PET) in limited samples of in- 
tellectually impaired patients with 
PSP, D’Antona et al'* and, more re- 
cently, Leenders et al“ and Foster et 
al'* have demonstrated the presence of 
a preferential depression of energy 
metabolism in the whole frontal cor- 
tex, suggesting that a neuronal dys- 
function underlies the frontal lobe- 
like syndrome typical of PSP and 
providing, at the same time, a patho- 
physiological basis to the concept of 
subcortical dementia. Goffinet et al,” 
however, found the frontal hypome- 
tabolism to affect mainly the motor/ 
premotor cortical fields, relatively 
sparing the prefrontal lobe, and they 
found no correlations between frontal 
metabolic rates and neuropsychologi- 
cal measures. In the present PET study 
of a large series of patients with clin- 
ical diagnoses, we wished to establish 
further the pattern of brain hypo- 
metabolism in PSP and to investigate, 
in detail, the relationships between 
regional metabolic rates and the fol- 
lowing clinical data: disease duration, 
parkinsonian score, global intellectual 
deterioration, and frontal lobe-like 
symptoms. 

PATIENTS AND METHODS 
Patients With PSP and Controls 


Cerebral energy metabolism was evalu- 
ated in 41 patients with either “probable” 


and “possible” PSP on the basis of the fol- 
lowing clinical criteria*: (1) progressive 
course of the disease, (2) disease duration 
less than 10 years, (3) parkinsonism (hy- 
pertonia and akinesia), (4) no significant 
improvement with levodopa, (5) vertical 
voluntary gaze palsy, (6) falls, (7) pseudo- 
bulbar palsy or dysarthria, and (8) no evi- 
dence of a focal lesion on a sensorimotor 
examination or computed tomographic 
scan. Cognitive impairment and frontal 
lobe-like symptoms were not included as 
inclusion criteria to avoid a systematic bias 
in the selection of patients that could am- 
plify the metabolic disturbances. The con- 
ditions of patients with all criteria were di- 
agnosed as probable PSP (n = 25). When 
one or two criteria were not available or 
missing (criterion 4 in four cases, criterion 
5 in nine cases, criterion 6 in four cases, and 
criterion 7 in two cases) the diagnosis of 
possible PSP (n = 16) was made. Further 
clinical information was obtained around 
the time (within 3 months) of the PET 
studies, including the motor parkinsonian 
score assessed after cessation of levodopa 
treatment (using the modified Columbia 
rating scale”) and neuropsychological per- 
formances. Of the 41 patients, 13 were 
treated with levodopa or dopamine agonists 
at the time of evaluation. Intellectual and 
memory function were evaluated with the 
following tests: verbal tests from the Ver- 
bal scale (digit span, similarities, and arith- 
metic tests) of the Wechsler Adult Intelli- 
gence Scale; a visuospatial task (Raven 47- 
colored Progressive Matrices—PM47); and 
the Weschler Memory Scale. An intellec- 
tual deterioration index’ was calculated to 
compare the neuropsychological scores ob- 
tained with the expected performance of 
the patient according to his or her age and 
educational level (optimal score = 0). The 
following tests that were sensitive to fron- 
tal lobe disorders were added to these stan- 
dard tests: revised version of the Wisconsin 
card sorting test,” tests of verbal fluency 
(word-list generation tests), and graphic 
series.“ Prehension, imitation, and utiliza- 
tion behaviors, which have been shown to be 
associated with frontal lobe dysfunction,” 
were analyzed. A “frontal” score’ was de- 
fined as the sum of the scores for each cog- 
nitive and behavioral test believed to be 
sensitive to frontal dysfunction (worst 
score = 0; optimal score = 60). The frontal 
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score and intellectual deterioration index 
were also assessed in 20 age-matched con- 
trol subjects (mean + SEM, 63+1. 
years). Specific clinical scores were occa- 
sionally missing for some patients (Table 
1). The groups of patients with probable and 
possible PSP (Table 1) had a similar age at 
onset of the disease, disease duration, par- 
kinsonian motor score, and intellectual de- 
terioration index. Both patient groups 
showed a significant difference in the fron- 
tal score and intellectual deterioration in- 
dex compared with controls (Table 1). The 
frontal score, but not the intellectual dete- 
rioration index, was significantly lower in 
the group with probable PSP when com- 
pared with the group with possible PSP 
(Table 1). Twenty-seven unmedicated sub- 
jects without any history of central nervous 
system disease or major psychiatric disor- 
der served as controls for the PET study 
after informed consent was obtained. 


PET Methodology 


The PET studies of cerebral energy me- 
tabolism were performed in a dimly lit 
room and in the eyes-closed, ears-un- 
plugged situation, by using the fludeoxy- 
glucose F 18 method with a lumped constant 
of 0.42 and fludeoxyglucose F 18 rate con- 
stants detailed elsewhere,” or the steady- 
state oxygen 15 method (O15)”’ for measur- 
ing the regional cerebral metabolic rate of 
glucose (CMRGlu) or oxygen (CMRO2, un- 
corrected for cerebral blood volume), re- 
spectively. These measurements were per- 
formed on a single-slice camera (ECAT II 
Model, ORTEC Inc, Oak Ridge, Tenn) until 
1985 (lateral and axial resolution: 16 and 19 
mm, respectively (used only for fludeoxy- 
glucose F 18), and on the four-ring time-of- 
flight (model TTVO1, Laboratoire d’Elec- 
tronique et de Technologie de |’Informa- 
tique [LETI], Grenoble, France) (lateral 
and axial resolution: 13 mm for both by us- 
ing fludeoxyglucose F 18 and O15) PET 
camera, thereafter forming three method- 
ological patient groups: (fludeoxyglucose F 
18-ECAT, fludeoxyglucose F 18-LETI, and 
O15-LETI (n = 11 [including the 6 patients 
previously described by D’Antona et al], 
12, and 18 patients, respectively) (Table 2). 
In all studies, attenuation correction was 
carried out by using germanium 68-gallium 
68 transmission scans. Imaging was per- 
formed along a plane parallel to the orbito- 
meatal line and included two to seven cuts, 
depending on the camera used and the sub- 
ject’s cooperation (see below). (All treat- 
ment was stopped about 16 hours before the 
PET study.) Circular regions of interest 
(ROIs) were positioned on the PET scans by 
using a standardized method that allowed 
metabolic data to be obtained essentially 
free of subjective judgment” by a physician 
blind to the subject’s condition (patients or 
controls). The cortical ROIs were assigned 
an anatomical localization according to 
seven cortical areas (prefrontal superior, 
prefrontal inferior, temporal, temporopa- 
rietal, sensory-motor, parietal associative, 
and occipital) defined according to methods 
published previously,” except that medial 
frontal and occipital ROIs were not used. 
The number of ROIs assigned to each of 
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Table 1.—Characteristics of Patients With PSP* 


Patients With PSP, Mean + SEM 


—.O—- —————_—__-—— >. - 


Probable 
(n = 25) 
63.5 + 1.3 
3.1+0.3 
66.6 + 1.4 
32.4 + 4.1 


Characteristic 
Age at onset, y 
Disease duration, y 
Age, y 
Motor scoret 
Neuropsychological 

frontal score} 
Intellectual 
deterioration index! 


10.8 + 2.1§ 





27.2 + 3.78 


* PSP indicates progressive supranuclear palsy. 
tMeasured in 23 patients. 


All Patients 
(n = 41) 
62.8 + 1.2 
3.1 + 0.3 
66.9 + 1.2 
31.7 + 3.0 


Possible 

(n = 16) 
62.4 + 2.0 

2.9 + 0.5 
65.3 + 1.8 
33.2 + 4.3 
24.9 + 5.2§|| 15.4 + 2.5§ 


16.4 + 5.1§ 23.3 + 3.1§ 





Measured in 20 patients with probable PSP and in 9 patients with possible PSP (age-matched controls: 


§3.7 + 1.8, n = 20). 
§P < .05, patients vs controls. 


||P < .05, patients with probable PSP vs patients with possible PSP. 
Measured in 20 patients with probable PSP and in 8 patients with possible PSP (age-matched controls value: 


2.2 + 0.9, n = 20). 


Table 2.—Number and Age of Patients With PSP and Controls According to PET 
Method Used* 


Patients With PSP 


Controls 


PET Method 


Probable 


Fludeoxyglucose F 18 
with ECAT camera 
Fludeoxyglucose F 18 
with LETI camera 


Oxygen 15 with LETI 
camera 


(66.6 + 1.5) 





Possible 


(65.3 + 1.8) 


For 
Patients 
With PSP 


For PET 
Method 
11 7 
(65.1 + 2.3) (53.7 + 4.5) 
12 11 
(66.1 + 2.2) (52.6 + 4.4) 
18 9 
(66.3 + 1.8) (52.3 + 4.3) 
41 27 
(65.9 + 1.2) (53.0 + 2.5) 


(60.6 + 4.9) 


(61.7 + 1.9) 


*PSP indicates progressive supranuclear palsy; PET, positron emission tomography; ECAT, data obtained 
with the ECAT Il model camera, ORTEC Inc, Oak Ridge, Tenn; and LETI, Laboratoire d'Electronique et de Tech- 
nologie de l'Informatique, Grenoble, France. Data are given as the number and mean + SEM age (years) of pa- 


tients and controls. 


these seven cortical areas, and the number 
of PET slices over which the average met- 
abolic rate of a given area was obtained, 
varied according to the subject studied and 
the camera used: three brain levels were 
studied with the ECAT camera (except in 
poorly cooperative patients in whom the 
study was limited to two levels), and five 
levels were studied with the LETI camera 
(orbitomeatal, +20, +40, and +60 mm; orb- 
itomeatal, +10, +25, +40, +55, and +70 mm, 
respectively; the “superior” prefrontal cor- 
tex was sampled on the +55-, +60-, and 
+70-mm cuts; and the “inferior” prefrontal 
cortex was sampled on the +25- and +40- 
mm cuts). Cerebellar, caudate, lenticular, 
and thalamic ROIs were defined by using 
only one circular ROI per structure, cen- 
tered on the peak activity of the given 
structure, and per side.*” This procedure 
yielded for each of the above described cor- 
tical and subcortical areas, except in the 
few patients in whom one brain cut was 
missing, a single mean metabolic value per 
side. The metabolic activity of each area 
was calculated as the average of the left and 
right values. 
Data Analysis 

To normalize the regional metabolic val- 

ues obtained in the form of CMRGlu or 


CMRO2, and with two different PET cam- 
eras, each regional metabolic rate from 
each patient was expressed as the fraction 
of the corresponding mean control value 
obtained by using the same method and the 
same camera. Therefore, each of the three 
“methodologically defined” patient groups 
(ie, fludeoxyglucose F 18-ECAT, fludeoxy- 
glucose F 18-LETI, and 015-LETI) was 
matched to one homologous control group 
of 7, 11, and 9 subjects of similar age, 
respectively (Table 2). It was justified to use 
the data derived from this normalization 
procedure as CMRO2 and CMRGlu appears 
similarly affected in degenerative brain 
disease in general and especially in PSP.'*" 
In addition, comparability of the three 
methodological patient groups, as well as 
validity of the normalization procedure, 
were demonstrated by a one-factor analysis 
of variance that showed no significant dif- 
ference among these three groups either for 
clinical items or for any normalized re- 
gional metabolic values (data not shown, 
but available on request). This procedure, 
which provided what will be referred to as 
“normalized absolute metabolic values” in 
the following text, therefore allows data 
analysis within the patient sample (eg, 
comparison of groups with probable and 
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Table 3.—Normalized Absolute Regional Metabolic PET Values in Patients With 
Probable and Possible PSP and Controls * 


Significancet 

Mean + SEM —_—_—_—_—_—_—— 

Normalized Patients Patients 
Absolute With With 

Metabolic Probable Possible 


Values PSP PSP 


Probable Possible 
PSP vs PSP vs 
Controls Controls 


Age-Matched 
Controls 


Frontal superior cortex 0.741 + 0.037 0.748 + 0.045 0.982 + 0.055 <.01 <.01 


0.756 + 0.036 0.771 + 0.047 0.994 + 0.034 <.001 


Frontal inferior cortex 
Temporal cortex 0.780 + 0.041 0.754 + 0.047 0.997 + 0.039 <.01 <.01 
Temporoparietal cortex 0.820 + 0.036 0.815 + 0.041 1.000 + 0.040 <.01 <.05 
0.797 + 0.035 0.776 + 0.040 0.952 + 0.046 <.05 <.05 





Sensory-motor cortex 


Parietal associative 
cortex 


Occipital cortex 
Caudate nucleus 


0.827 + 0.040 0.799 + 0.041 0.961 + 0.049 <.05 
0.835 + 0.034 0.827 + 0.051 1.001 + 0.046 <.05 
0.816 + 0.046 0.819 + 0.048 1.007 + 0.044 <.05 <.05 


Lenticular nucleus 0.778 + 0.031 0.774 + 0.029 0.977 + 0.027 <.001 <.001 


0.745 + 0.045 0.723 + 0.038 0.997 + 0.045 <.01 <.01 
0.813 + 0.039 0.860 + 0.061 1.061 + 0.053 <.01 <.05 


* PET indicates positron emission tomography; PSP, progressive supranuclear palsy’. 
+One-factor analysis of variance. For patients with probable PSP vs patients with possible PSP, values were 


Thalamus 
Cerebellum 





not significant throughout. 


Table 4.—Region-Occipital Metabolic Ratios in Patients With Probable and Possible 
PSP and Controls* 


Mean + SEM 
ee re OOOO) eS 
Patients With Patients With Age-Matched 
Probable PSP Possible PSP Controls 


Significance, 
Probable 
PSP vs 
Controlst 


Region-Occipital 
Ratios 


Frontal superior cortex 0.923 + 0.033 0.949 + 0.048 1.060 + 0.063 <.05 


Frontal inferior cortex 0.924 + 0.024 0.965 + 0.057 1.038 + 0.054 <.05 
Temporal cortex 0.964 + 0.026 0.957 + 0.054 1.041 + 0.051 
Temporoparietal cortex 0.934 + 0.021 0.954 + 0.031 0.973 + 0.027 

i P ‘ = 1; + U. 


Sensory-motor cortex 1.019 + 0.050 
a 


0.983 + 0.045 1.037 


Parietal associative cortex 1.019 0.034 0.999 + 0.040 1.041 + 0.050 


0.991 + 0.042 
1.093 + 0.038 
0.939 + 0.049 
1.066 + 0.045 


* PSP indicates progressive supranuclear palsy. 


Caudate nucleus 
Lenticular nucleus 
Thalamus 
Cerebellum 


0.950 + 0.055 


NS 
NS 
0.051 NS 
NS 
1.020 + 0.064 NS 
1.114 + 0.064 NS 
1.031 + 0.080 NS 
1.160 + 0.079 NS 


1.034 + 0.061 
1.112 + 0.055 


1.087 + 0.093 





tUnpaired two-tailed Student's f test. For patients with possible PSP vs controls and for patients with prob- 
able PSP vs patients with possible PSP, values were not significant throughout. 


possible PSP), as well as investigation of 
clinicometabolic correlations among pa- 
tients. Furthermore, to compare more pre- 
cisely patients who had PSP with controls, 
an age-matched control group of 15 subjects 
was formed with 6, 4, and 5 subjects from 
the fludeoxyglucose F 18-ECAT, fludeoxy- 
glucose F 18-LETI, and 015-LETI original 
control groups, respectively (Table 2). The 
absolute regional metabolic values of the 
age-matched controls also were normalized 
to younger controls according to the above 
procedure. 

To investigate the regional metabolic 
pattern of PSP, superimposed on global 
changes, we determined a second approach 
to our PET values. Within each subject and 
control, each regional metabolic value was 
expressed relative to the occipital meta- 
bolic value,’ as this is the cortical area that 
shows the least metabolic changes (Table 
3). This procedure provided what will be 
referred to in what follows as “regional 
metabolic ratios.” 


Arch Neurol—Vol 47, July 1990 


Statistical Analysis 


Comparison of two means was made by 
using Student’s t test. Comparison of three 
means was made by using one-factor anal- 
ysis of variance with factorial analysis and 
the Scheffé F test to correct for multiple 
comparisons. Correlations were made by 
using Spearman’s rank method. 


RESULTS 
Comparison of Normalized Absolute 
Metabolic Values and Regional Metabolic 
Ratios Between Patients with PSP and 
Controls 


Normalized Absolute Metabolic Val- 
ues.—The comparison of the normal- 
ized absolute metabolic values among 
patients with probable PSP (n = 25), 
patients with possible PSP (n = 16), 
and controls (n = 15) is presented in 
Table 3. Each of the two groups of pa- 
tients had significantly lower PET val- 


ues than age-matched controls for ev- 
ery brain region studied. Comparison 
between groups with definite and prob- 
able PSP showed no significant differ- 
ence for any of the brain areas ana- 
lyzed (Table 3). 

Regional Metabolic Ratios.—Inferior 
and superior frontal metabolic ratios 
were lower in both patient groups with 
probable and possible PSP compared 
with controls, but the difference 
reached statistical difference for pa- 
tients with probable PSP only (Table 
4). The other region-occipital ratios 
were not significantly different either 
between patients with possible PSP 
and control groups or between patient 
groups with possible and probable 
PSP. If a combined group with proba- 
ble-possible PSP (all patients with 
PSP) was compared with matched con- 
trols, no significant difference was ob- 
served, except for the frontal superior- 
occipital ratio that was significantly 
decreased in patients (mean + SEM, 
0.934 + 0.028, P < .05). 


Clinicometabolic Correlations 


Correlations between normalized 
absolute metabolic values and regional 
metabolic ratios on one hand and dis- 
ease duration, motor score, and neu- 
ropsychological performances on the 
other were performed on all patients. 

Correlation coefficients between 
each brain structure and disease dura- 
tion were comparable, suggesting a 
diffuse metabolic decline with a longer 
disease duration (Fig 1). However, 
these correlations reached signifi- 
cance only for the frontal cortex. The 
frontal hypometabolism was already 
observed in the first years of the dis- 
ease and continued to decrease there- 
after (Fig 1). The region-occipital met- 
abolic ratios showed a trend for nega- 
tive correlations with the duration of 
the disease, but statistical significance 
was not observed (Table 5). 

The motor score was significantly 
correlated only with the normalized 
absolute metabolic values of the cau- 
date nucleus and thalamus, such that 
the more severe the clinical disability, 
the lower the metabolic values. There 
was no significant correlation between 
regional metabolic ratios and the mo- 
tor score although the highest trend 
was apparent for the caudate nucleus. 

The intellectual deterioration index 
was significantly correlated only with 
the frontal and nonfrontal cortex met- 
abolic values. There was only a non- 
significant trend for positive correla- 
tions between the frontal score and the 
normalized absolute metabolic values. 
Both the intellectual deterioration in- 
dex and the frontal score were signif- 
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2 
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Normalized Absolute Metabolic Value 


Patients 


Fig 1.—Absolute regional metabolic values for the frontal (darkly 
hatched bars) and the nonfrontal (lightly hatched bars) cortex 
(mean + SEM) in the 15 age-matched controls and the 41 patients with 
progressive supranuclear palsy as a function of disease duration 
expressed after normalization for the positron emission tomography 
method (see ‘‘Patients and Methods” section). To facilitate the repre- 
sentation of the results, the data were averaged according to three du- 
ration intervals (1 to 2 years, 3 to 4 years, and more than 4 years at right), 
but regressions on all data were performed for statistical assessment 
(see Table 5). The frontal metabolic values decreased significantly with 
increasing disease duration, with values lower than for the nonfrontal 
cortex at each duration interval, indicating that relative frontal hypome- 


Controls 





Fronto-occipital Cortex Ratio 





0 20 40 60 


Neuropsychological Frontal Score 


Fig 2.—The neuropsychological “frontal score” in all patients with pro- 
gressive supranuclear palsy was significantly correlated to the fronto- 
occipital cortex metabolic ratio (see Table 5). Similar statistical signif- 
icance was obtained with Pearson’s linear method and Spearman’s rank 
correlation (r = .45, P < .05 and R = .43, P < .05, respectively). The 
line is the regression line found (Pearson’s test), as follows: y = 
0.853x + 0.005. 


tabolism was already present in the initial stages of the disease. 





Disease 
Duration 


Normalized absolute metabolic values 









Frontal cortex —.312t 
Nonfrontal cortex —,263 
Caudate nucleus —.310 
Lenticular nucleus = 220 
Thalamus —.282 
Cerebellum —.307 


Region-occipital ratios 


Frontal cortex —.177 


Nonfrontal cortex =. 147 
Caudate nucleus = 2712 
Lenticular nucleus —.204 
Thalamus —.245 
Cerebellum —.114 


te < .0& 


icantly correlated with cortical meta- 
bolic ratios: the former with both the 
nonfrontal and the frontal cortex ra- 
tios, and the latter only with the fron- 
tal cortex ratio (Fig 2). (Similar results 
were obtained with partial Pearson’s 
regressions, taking disease duration 
into account.) 


COMMENT 


The cerebral energy metabolism was 
studied by measuring either CMRGlu 
or CMRO2, but the data have been 
pooled for subsequent statistical anal- 
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Table 5.—Clinicometabolic Correlations” 


Motor Score 


—.348 —.475T .331 
—.294 —.468t .256 
—.436t =EN .370 
e= 2 le —.365 .385 
—.426f —.334 .328 
—.430 —.321 .316 


—.229 —.491T .427 tł 
—.268 —.412ł .332 
—.328 —.098 .338 
—.080 =.053 .280 
—.288 —.145 .357 
—.279 —.001 .098 





intellectual 
Deterioration 
Index 





“Frontal” 
Score 



















* Results are Spearman's rank correlation coefficients; the number of data pairs ranged from 41 to 20. 


yses for the following reasons: (1) In 
the resting, morphologically intact, 
human brain, there is a close correla- 
tion between regional CMRGlu and 
CMRO2 values, indicating the normal 
coupling of oxidative metabolism.” (2) 
In PSP, this coupling is apparently 
preserved since the reduction in fron- 
tal cortex metabolism was closely sim- 
ilar for both CMRGlu and CMR02.!7 
(3) In the present study, no significant 
difference in the normalized values of 
CMRGlu and CMRO2 was found for 
any brain region studied. 


In patients with probable PSP 
(n = 25), the brain hypometabolism 
affected all cortical and subcortical 
brain areas (Table 3). In the latter, the 
magnitude of hypometabolism was 
similar to that reported in previous 
studies,’*'’ except for cerebellar me- 
tabolism where Foster et al, but not 
Goffinet et al,” found no significant re- 
duction. This discrepancy possibly re- 
sulted from methodological differ- 
ences, eg, Foster et al'* used an analyt- 
ical photon attenuation correction for 
PET imaging. Consistent with previ- 
ous studies,'*'’ the hypometabolism 
also affected all cortical areas, but was 
most prominent in frontal areas (more 
in the superior than in the inferior 
frontal cortex) and least severe in the 
posterior areas, indicating a metabolic 
rostrocaudal gradient. Region-occip- 
ital ratios demonstrated the existence 
of a relative metabolic reduction in the 
frontal cortex (Table 4). The fact that 
intellectual impairment was not part 
of inclusion criteria for PSP in this 
study presumably accounts for the 
marginal statistical significance of the 
relative frontal hypometabolism in the 
group with definite PSP (Table 4). The 
pattern of brain hypometabolism in 
patients with probable PSP thus in- 
cludes (1) an anteroposterior gradient 
of cortical hypometabolism with a pre- 
dominance in the superior frontal cor- 
tex, (2) an involvement of the thalamus 
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slightly more pronounced than that of 
the basal ganglia, and (3) a definite 
metabolic reduction of the cerebellum. 
This corticosubcortical hypometabolic 
pattern is distinctive of PSP among 
other degenerative brain diseases. The 
cerebral cortex metabolism is essen- 
tially spared in Parkinson’s disease, 
olivopontocerebellar atrophy, and 
Huntington’s disease,**'** while the 
hypometabolism in Alzheimer’s-type 
dementia and in dementia associ- 
ated with Parkinson’s disease* pre- 
dominates in the posterior association 
cortex and shows no preferential pat- 
tern in Wilson’s disease.” In Pick’s 
disease, the anteroposterior gradient 
is similar to that of PSP, but is grossly 
exaggerated.* In rare patients with 
“anterior-type dementia,’ however, 
the metabolic pattern appears to be 
similar to that of PSP,” but neither 
quantitative PET nor neuropathologi- 
cal data were reported. 

As discussed previously, + the mar- 
ginally significant cortical neuronal 
lesions in PSP cannot entirely explain 
the metabolic changes observed. The 
main ascending neuronal pathways 
have been shown neurochemically to 
be either intact (dopaminergic, sero- 
toninergic) or marginally damaged 
(noradrenergic, cholinergic). Tha- 
lamic hypofunction,” as a result of le- 
sions of the striatopallidothalamic 
complex,“ might play a role in the de- 
velopment of the relatively severe cor- 
tical, especially frontal, metabolic im- 
pairment found in PSP. The specific 
frontal cortex hypometabolism follow- 
ing bilateral pallidal lesions of anoxic 
origin, the diffuse cortical metab- 
olic depression following thalamic 
stroke,” and the mild frontal hypome- 
tabolism hypoperfusion observed in 
unilateral Parkinson’s disease on the 
side opposite to the affected limbs** 
are all additional arguments in favor 
of this hypothesis. Mediodorsal tha- 
lamic deafferentation, resulting from 
severe degeneration of the cholinergic 
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pathway,* may play an additional role. 

To assess whether frontal hypome- 
tabolism could constitute an addi- 
tional criterion for the diagnosis of 
PSP, we compared the metabolic data 
of the groups with probable and possi- 
ble PSP. The results revealed that the 
two groups were not significantly dif- 
ferent in either metabolic rates (Table 
3) or region-occipital ratios (Table 4). 
The same diffuse brain hypometabo- 
lism, including the frontal lobe, was 
observed in both patient groups, sug- 
gesting similar underlying disease 
process. This indicates also that the set 
of clinical items used for diagnosing 
PSP is already discriminative with six 
or seven criteria only. Specifically de- 
signed studies will have to determine 
in individual cases whether frontal 
hypometabolism can help in the dif- 
ferential diagnosis of possible PSP 
against, eg, Parkinson’s disease and 
olivopontocerebellar atrophy—condi- 
tions in which the frontal CMRGlu is 
essentially normal.***** Despite the 
lack of significant difference in the re- 
gional metabolic data between the 
groups with probable and possible 
PSP, statistical comparisons with the 
control group did disclose a difference 
in that both fronto-occipital ratios in 
the group with probable PSP but not in 
the group with possible PSP were sig- 
nificantly lower than those in controls 
(Table 4). Hence, the major difference 
in the frontal neuropsychological score 
that distinguishes these two groups of 
patients corresponds only to a mar- 
ginal difference in relative frontal hy- 
pometabolism. 

The above results suggest that fron- 
tal cortex hypometabolism may pre- 
cede the onset of overt frontal lobe 
syndrome, by an analogy to findings 
regarding reduced glucose utilization 
in the parietal cortex and caudate nu- 
cleus of early Alzheimer’s disease and 
presymptomatic Huntington’s chorea, 
respectively,” and to the “threshold” 
concept for appearance of clinical 
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isoniazid Or calcium channel blockers has been reported to result in elevated plasma levels 
of carbamazepine resulting in toxicity in some cases. Also, concomitant administration of 
carbamazepine and lithium may increase the risk of neurotoxic side effects 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiving concomitant oral 
contraceptives and their reliability may be adversely affected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carbamazepine. when admin- 
istered to Sprague-Dawley rats for two years in the diet at doses of 25 75. and 250 
mg/kg/day, resulted in a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of males 

Carbamazepine must, therefore, be considerec to be carcinogenic in Sprague-Dawley 
rats. Bacterial and mammalian mutagenicity studies using carbamazepine produced 
negative results The significance of these findings relative to the use of carbamazepine in 
humans ıs. at present. unknown 
Pregnancy Category C: Tegretol has been shown to have adverse effects in reproduction 
Studies in rats when given orally in dosages 10-25 mes the maximum human daily dosage 
Of 1200 mg In rat teratology studies. 2 of 135 oftspring showed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate 1. talipes, 1, 
anophthalmos. 2) In reproduction studies in rats. nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women Tegretol should 
be used during pregnancy only if the potential benefit justifies the potential risk to the 
fetus 

Retrospective case reviews suggest that. compared with monotherapy, there may be a 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
combination therapy Therefore. monotherapy is recommended tor pregnant women 

itis important to note that anticonvulsant drugs should not be discontinued in patients 
in whom the drug is administered to prevent major seizures because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life In 
individual cases where the severity and frequency of the seizure disorder are such that 
removal of medication does not pose a serious threat to the patient, discontinuation of the 
drug may be considered prior to and during pregnancy. although it cannot be said with any 
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contidence that even minor seizures do not pose some hazard to the developing embryo or 
fetus 
Labor and Delivery: The effect of Tegreto! on human labor and delivery is unknown 
Nursing Mothers: Dunng lactation. concentration of Tegretol in milk is approximately 60% 
of the maternal plasma concentration 

Because of the potential for serious adverse reactions in nursing infants trom carbamaz- 
epine. a decision should be made whether to discontinue nursing or to discontinue the 
drug, taking into account the importance of the drug to the mother 
Pediatric Use: Satety and ettectrveness in children below the age of 6 years have not been 
established 
ADVERSE REACTIONS 
If adverse reactions are of such severity that the drug must be discontinued. the physician 
must be aware that abrupt discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epilepticus with its life-threatening 
hazards 

The most severe adverse reactions have been observed in the hemopoietic system (see 
boxed WARNING), the skin and the cardiovascular system 

The most trequently observed adverse reactions, particularly during the initial phases of 
therapy. are dizziness. drowsiness. unsteadiness. nausea, and vomiting To minimue the 
possibility of sucn reactions, therapy should be initiated at the low dosage recommended 

The following additional adverse reactions nave been reported 
Hemopoietic System Aplastic anemia, agranulocytosis. pancytopenia. bone marrow 
depression. thrombocytopenia, leukopenia, leuxocytosis, eosinophilia 
Skin. Prunitic and erythematous rashes. urticaria. toxic epidermal necrolysis (Lyell’s 
syndrome) (see WARNINGS), Stevens-Johnson syndrome (see WARNINGS). photosensi- 
tivity reactions, alterations in skin pigmentation, exfoliative dermatitis. erythema multi- 
forme and nodosum. purpura aggravation of disseminated lupus erythematosus, 
alopecia. and diaphoresis In certain cases, discontinuation of therapy may be necessary 
Cardiovascular System Congestive heart failure, edema, aggravation of hypertension, 
hypotension. syncope and collapse, aggravation of coronary artery disease, arrhythmias 
and AV block. primary thrombophiebitis. recurrence of thrombophlebitis. and adenopathy 
or lymphadenopathy 

Some of these cardiovascular complications have resulted in fatalities Myocardial 
intarction has been associated with other tricyclic compounds 
Liver Abnormalities in liver function tests. cholestatic and hepatocellular jaundice 
hepatitis 
Respiratory System. Pulmonary hypersensitivity characterized by tever. dyspnea. pneu- 
monitis or pneumonia 
Genitourinary System Urinary frequency, acute urinary retention, oliguria with elevated 
blood pressure, azotemia, renal failure. and impotence Albuminuria, glycosuria. elevated 
BUN and microscopic deposits in the urine have also been reported 

Testicular atrophy occurred in rats receiving Tegretol orally trom 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day. Additionally, rats receiving Tegretol in the diet tor two years 
at dosage levels of 25, 75. and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis In dogs. it produced a brownish discoloration. presum- 
ably a metabolite. in the urinary bladder at dosage levels of 50 mg/kg and higher 
Relevance of these findings to humans is unknown 
Nervous System. Dizziness. drowsiness. disturbances of coordination. contusion. head- 
ache, fatigue. blurred vision. visual hallucinations. transient diplopia, oculomotor distur- 
bances. nystagmus. speech disturbances. abnormal involuntary movements. peripheral 
neuritis and paresthesias, depression with agitation, talkativeness, tinnitus. and hyper- 
acusis 

There have been reports of associated paralysis and other symptoms of cerebral arterial 
insufficiency, but the exact relationship of these reactions to the drug has not been 
established 
Digestive System Nausea, vomiting. gastric distress and abdominal pain, diarrhea. 
constipation. anorexia, and dryness of the mouth and pharynx. including glossitis and 
Stomatitis 
Eyes Scattered. punctate. cortical lens opacities, as well as conjunctivitis have been 
reported Although a direct causal relationship nas not been established. many phenothia- 
zines and related drugs have been shown to cause eye changes 
Musculoskeletal System: Aching joints and muscles, and leg cramps 
Metabolism: Fever and chills Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reported. Cases of trank water intoxication. with decreased serum sodium 
(hyponatremia) and confusion, nave been reported in association with Tegretol use (see 
PRECAUTIONS Laboratory Tests) 
Other Isolated cases of a lupus erythematosus-like syndrome have been reported There 
have been occasional reports of elevated levels of cholesterol. HDL cholesterol anc 
tnglycendes in patients taking anticonvulsants 
ORUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol. nor is there evidence of 
psychological or physical dependence in humans 





OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose adults, >60 g (39-year-old man). Highest known doses 
Survived: adults. 30 g (31-year-old woman), children, 10 g (6-year-old boy). small 
children, 5 g (3-year-old girl) 

Oral LO59 in animais (mg/kg): mice. 1100-3750. rats, 3850-4025. rabbits. 1500-2680: 
guinea pigs. 920 
Signs and Symptoms 
The first signs and symptoms appear atter 1-3 hours Neuromuscular disturbances are the 
most prominent Cardiovascular disorders are generally milder, and severe cardiac com- 
plications occur only when very high doses (>60 g) have been ingested 
Respiration \rregular breathing, respiratory depression 
Cardiovascular System- Tachycardia, hypotension or hypertension, shock, conduction 
disorders 
Nervous System and Muscles Impairment of consciousness ranging in severity to deep 
coma Convulsions. especially in small children Motor restlessness, muscular twitching 
tremor. athetoid movements. opisthotonos. ataxia. drowsiness, dizziness. mydriasis, 
nystagmus. adiadochokinesia. ballism. psychomotor disturbances, dysmetria Initial 
hyperreflexia. followed by hyporeflexia 
Gastrointestinal Tract Nausea, vomiting 
Kidneys and Bladder Anuria or oliguna. urinary retention 
Laboratory Findings Isolated instances of overdosage have included leukocytosis. re- 
duced leukocyte count. glycosuria and acetonuria. EEG may show dysrhythmias 
Combined Poisoning When alcohol, tricyclic antidepressants, barbiturates or hydantoins 
are taken at the same time. the signs and symptoms of acute poisoning with Tegreto! may 
be aggravated or moditied 
Treatment 
The prognosis in cases of severe poisoning ıs critically dependent upon prompt elimination 
of the drug. which may be achieved by inducing vomiting, irrigating the stomach, and by 
laking appropriate steps to diminish absorption If these measures cannot be implemented 
without risk on the spot, the patient should be transferred at once to a hospital. while 
ensuring that vital functions are safeguarded There is no specific antidote 
Elimination of the Drug: induction of vomiting 

Gastric lavage Even when more than 4 hours have elapsed following ingestion of the 
drug. the stomach should be repeatedly irrigated. especially if the patient has also 
consumed alcoho! 
Measures to Reduce Absorption. Activated charcoal. laxatives 
Measures to Accelerate Elimination. Forced diuresis 

Dialysis ıs indicated only in severe poisoning associated with renal failure Replacement 
transfusion is indicated in severe poisoning in small children 
Respiratory Depression. Keep the airways tree. resort, it necessary, to endotracheal 
intubation. artificial respiration, and administration of oxygen 
Hypotension. Shock Keep the patient's legs raised and administer a plasma expander Ii 
blood pressure tails to nse despite measures taken to increase plasma volume. use of 
vasoactive substances should be considered 
Convulsions. Diazepam or barbiturates 
Warning. Diazepam or barbiturates may aggravate respiratory depression (especially in 
children). hypotension, and coma However, barbiturates should not be used if drugs that 
inhibit monoamine oxidase have also been taken by the patient either in Overdosage or in 
recent therapy (within one week) 
Surveillance Respiration. cardiac function (ECG monitoring). blood pressure body tem- 
perature. pupillary reflexes. and kidney and bladder function should be monitored for 
several days 
Treatment of Blood Count Abnormalities: It evidence ot significant bone marrow depres- 
Sion develops. the following recommendations are suggested: (1) stop the drug. (2) per- 
form daily CBC platelet and reticulocyte counts, (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery 

Special periodic studies might be helpful as follows. (1) white cell and platelet anti- 
bodies. (2) 59Fe—ferrokinetic studies. (3) peripheral blood cell typing, (4) cytogenetic 
Studies on marrow and peripheral blood. (5) bone marrow culture studies for colony- 
forming units, (6) hemoglobin electrophoresis for Ap and F hemoglobin. and (7) serum 
folic acid and B12 levels 

A fully developed aplastic anemia will require appropriate. intensive monitoring and 
therapy, for which specialized consultation should be sought 
DOSAGE AND ADMINISTRATION 
Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS. Laboratory Tests), Dosage should be adjusted to the needs of the individ- 
ual patient A low initial daily dosage with a gradual increase is advised As soon as 
adequate control is achieved, the dosage may be reduced very gradually to the minimum 
effective level Tablets should be taken with meals 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—Initial 200 mg b. d. Increase at weekly 
intervals by adding up to 200 mg per day using a tı d. orqid regimen until the best 
response is obtained. Dosage should generally not exceed 1000 mg daily in children 12 to 
15 years of age. and 1200 mg daily in patients above 15 years of age Doses up to 1600 mg 
daily have been used in adults in rare instances Maintenance: Adjust dosage to the 
minimum effective level, usually 800-1200 mg daily 
Children 6-12 years of age—Initial: 100 mgb \ d Increase at weekly intervals by adding 
100 mg per day using at.i.d org.1.d regimen until the best response is obtained Dosage 
should generally not exceed 1000 mg Maintenance: Adjust dosage to the minimum 
effective level. usually 400-800 mg daily 
Combination Therapy: Tegretol may be used alone or with other anticonvulsants When 
added to existing anticonvulsant therapy, the drug should be added gradually while the 
other anticonvulsants are maintained or gradually decreased, except phenytoin. which 
may Nave to be increased (see PRECAUTIONS. Drug Interactions and Pregnancy Category 
C) 
Trigeminal Neuralgia (see INDICATIONS AND USAGE) 
Initial: 100 mg bı d on the first day for a total daily dose of 200 mg, This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg every 12 hours only as 
needed to achieve freedom from pain Do not exceed 1200 mg daily 
Maintenance: Control of pain can be maintained in most patients with 400 mg to 800 mg 
daily However some patients may be maintained on as little as 200 mg daily. while others 
may require as much as 1200 mg daily At Jeast once every 3 months throughout the 
treatment period, attempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug 
HOW SUPPLIED 
Chewable Tablets 100 mg—round, red-speckled. pink. single-scored (imprinted Tegreto! 
on one side and 52 twice on the scored side) 


Bottles of 100 NOC 0028-0052-01 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NDC 0028-0052-61 


Tablets 200 mg—capsule-shaped. pink. single-scored (imprinted Tegreto! on one side 
and 27 twice on the scored side) 

Bottles of 100 

Bottles of 1000 
Gy-Pak*—One Unit 

12 bottles—100 tablets each 
Unit Dose (blister pack) 

Box ot 100 

(strips of 10) NDC 0028-0027-61 
Samples. when available. are identified by the word SAMPLE appearing on each tablet 
Protect from moisture 
Dispense in tight container (USP) 
Also available as Tegretol suspension 100 mg/5 mi. in 450 mi bottles 
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Longitudinal Study of Cerebral Metabolic Asymmetries 
and Associated Neuropsychological Patterns in Early 
Dementia of the Alzheimer Type 


James V. Haxby, PhD; Chery] L. Grady, PhD; Elisabeth Koss, PhD; Barry Horwitz, PhD; Leonard Heston, MD; 
Mark Schapiro, MD; Robert P. Friedland, MD; Stanley I. Rapoport, MD 


@ Regional cerebral metabolic rates for 
glucose (rCMRglic), as measured with 
positron emission tomography, and neu- 
ropsychological function were studied 
longitudinally (range, 15 to 48 months) in 
11 mildly impaired patients with dementia 
of the Alzheimer type (DAT) and compared 
with results from patients with moderate 
and severe DAT and from controls. At ini- 
tial evaluation, association cortex meta- 
bolic asymmetries were greater in patients 
with DAT than in controls for all dementia 
severities and correlated significantly with 
neuropsychological discrepancies be- 
tween visuospatial and language abilities 
in patients with moderate dementia. In 
mildly impaired patients, right-left meta- 
bolic asymmetries in the association cor- 
tices were directionally stable and be- 
came more pronounced over time. At ini- 


Studies of resting-state regional ce- 

rebral metabolic rates for glucose 
(rCMRglc) in dementia of the Alz- 
heimer type (DAT) consistently have 
demonstrated that reductions in ho- 
mologous contralateral regions of the 
association cortex are often asym- 
metric.'’ In moderately demented 
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tial evaluation, these patients had 
significant impairment, relative to con- 
trols, on tests of memory and attention to 
complex tasks but not on tests of lan- 
guage and visuospatial function. Memory, 
attention, language, and visuospatial im- 
pairments, however, all worsened signifi- 
cantly over time. In mildly impaired pa- 
tients, correlations between right-left 
metabolic asymmetries and neuropsycho- 
logical discrepancies were insignificant 
initially but were significant at last evalua- 
tion. These results demonstrate that het- 
erogeneous nonmemory language and 
visuospatial impairments in early DAT are 
related to and predicted by the earlier-ap- 
pearing distribution of metabolic reduc- 
tions in the association neocortex. 
(Arch Neurol. 1990;47:753-760) 


DAT patients, asymmetric metabolic 
reductions are significantly correlated 
with discrepancies between visuospa- 
tial and verbal neuropsychological def- 
icits, such that disproportionate right- 
sided hypometabolism is accompanied 
by disproportionate impairment of 
visuospatial function relative to lan- 
guage, and vice versa.'?4!°!? We have 
shown that mildly impaired DAT pa- 
tients also have metabolic asymme- 
tries that are statistically significant 
but that are not correlated with neu- 
ropsychological discrepancies.? As a 
group, these patients did not have sig- 
nificant impairments on tests of non- 
memory visuospatial and verbal func- 
tions relative to controls, suggesting 


that neocortical metabolic abnormali- 
ties precede demonstrable neocorti- 
cally mediated neuropsychological im- 
pairments in the early stages of DAT.’ 

A longitudinal study is necessary to 
test this hypothesis. All 10 mildly im- 
paired patients from the earlier report 
and an additional mildly impaired pa- 
tient with familial Alzheimer’s 
disease’ were studied repeatedly over 
time. A case-by-case analysis revealed 
worsening nonmemory neuropsycho- 
logical function in some of these pa- 
tients (7 of 9). We now report that the 
right-left metabolic asymmetries in 
these patients remained unchanged in 
direction and became more pro- 
nounced over time. Moreover, the pat- 
terns of neuropsychological impair- 
ment that later developed correlated 
significantly with concurrently mea- 
sured metabolic asymmetries. 


SUBJECTS AND METHODS 
Subjects 


Thirty-three patients with clinically di- 
agnosed DAT were studied with positron 
emission tomography (PET) and neuropsy- 
chological testing. Autopsy results on 11 of 
these patients confirmed a diagnosis of 
Alzheimer’s disease in 10 cases. The elev- 
enth case was diagnosed as having non- ° 
Alzheimer frontotemporal degeneration. 
The data from this patient were not in- 
cluded in the analysis for this report. Thus, 
this report presents results on 32 patients 
with DAT who were divided into mildly, 
moderately, and severely demented groups 
based on the Mini-Mental State examina- 
tion (Table 1).'* At initial evaluation, - 
tients met the diagnostice criteria” 
National Institute of N 
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Communicative Disorders and Stroke 
(NINCDS) (Bethesda, Md) and the Alz- 
heimer’s Disease and Related Disorders 
Association (ADRDA), Chicago, Ill, for 
probable Alzheimer’s disease, and 6 met 
the NINCDS-ADRDA diagnostic criteria 
for possible Alzheimer’s disease because 
they demonstrated a progressive, isolated 
memory impairment without other cogni- 
tive deficits or personality change, as indi- 
cated by clinical interview and confirmed by 
neuropsychological testing. Subsequently, 
significant nonmemory neuropsychological 
impairments developed in all but one of the 
6 patients. Of 10 patients with autopsy- 
confirmed Alzheimer’s disease, 5 (3 men 
and 2 women) were severely demented at 
initial evaluation, 2 women were moder- 
ately demented, 1 woman was mildly de- 
mented, and 2 men had isolated memory 
impairments. Thus, at the time of the writ- 
ing of this report, 1 patient had possible 
Alzheimer’s disease, 21 had probable 
Alzheimer’s disease, and 10 had definite 
Alzheimer’s disease. 

All patients were carefully screened for 
current and past medical illnesses that 
could affect brain function.''*"’ To minimize 
the inclusion of patients with multiple-in- 
farct dementia, all patients were normoten- 
sive, had no evidence of cardiac or vascular 
disease, and had Hachinski Ischemia Scale 
scores of less than 4.'* Patients were ex- 
cluded from this study if they had a history 
of diabetes, renal disease, head trauma with 
loss of consciousness, alcoholism, and psy- 
chiatric disease. Laboratory tests were per- 
formed to screen patients for other condi- 
tions that could compromise brain function. 
X-ray computed tomographic scans of the 
brain were performed to exclude patients 
with focal brain lesions. Thirty-one pa- 
tients were right-handed, and one was left- 
handed. 

All 11 mildly impaired patients, 8 mod- 
erately impaired patients, and 2 severely 
impaired patients have been studied longi- 
tudinally. Mean follow-up duration was 26 
months (range, 15 to 48 months) for pa- 
tients who were mildly impaired and 18 
months (range, 6 to 33 months) for patients 
who were moderately to severely impaired. 
Seven patients have been examined twice, 8 
have been examined three times, 5 have 
been examined four times, and 1 has been 
examined six times. 

Twenty-nine healthy volunteers served 
as controls for studies of neuropsychologi- 
cal function (Table 1). One neuropsychology 
control was ambidextrous; the rest were 
right-handed. The mean age and sex ratios 
of the neuropsychology controls were 
equivalent to those of the patients with 
DAT. The neuropsychology contro] mean 
education was equivalent to that of the mild 
and severe DAT groups, but was signifi- 
cantly higher than that of the patients with 
moderate DAT (P < .05 by the Bonferroni t 
test). Thirty-one healthy volunteers served 
as controls for studies of regional cerebral 
metabolism using PET and '"F-2-fluoro- 
2-deoxy-D-glucose (fludeoxyglucose F 18 
[FDG]). Sixteen healthy subjects served 
both as neuropsychology and PET controls. 
All PET controls were right-handed. The 
mean age for PET controls was equivalent 
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Mini-Mental 
State Examination 
Range 

Patients with DAT 

Mild 

Moderate 

Severe 
Controls 

Neuropsychology 


tData are presented as means + SDs. 


to that of the patients with DAT. All con- 
trols were screened for optimal health us- 
ing the same criteria applied for patient 
screening. 


Neuropsychological Tests 


A battery of neuropsychological tests 
was administered to measure overall de- 
mentia severity, memory, attention to sim- 
ple and complex sets, planning, language, 
and visuospatial function. The Mini-Menta! 
State examination” was used to define de- 
mentia severity groups. An additional mea- 
sure of overall dementia severity was pro- 
vided by the Mattis Dementia Rating 
Scale.” 

The Wechsler Adult Intelligence Scale 
(WAIS)” was given as an omnibus test of 
language and visuospatial functions. The 
WAIS was scored to yield a full-scale intel- 
ligence quotient as well as factor deviation 
quotients (DQ)” summarizing performance 
on tests of verbal fund of knowledge (Ver- 
bal Comprehension DQ [VDQ]), immediate 
verbal memory span and arithmetic (Mem- 
ory and Freedom From Distractibility DQ 
[MDQ], and visuospatial construction 
(Perceptual Organization DQ [PDQ)). 

Ability to commit new information to 
long-term memory was measured with the 
story recall and visual reproduction 
subtests of the Wechsler Memory Scale,” 
including tests of delayed recall.” Ability to 
maintain attention to complex or shifting 
set was measured with the Stroop Color 
Word Test*™ and Trail B of the Trailmaking 
Test.” Planning and foresight were mea- 
sured using the Porteus Maze Test.” Ab- 
stract visual reasoning was tested with 
Raven’s Colored Progressive Matrices 
test.” 

Three additional tests of language func- 
tions were administered: Whitehouse’s 
Syntax Comprehension Test (comprehen- 
sion of syntactic relations in single 
sentences),' the Boston Naming Test (con- 
frontation naming), and the Controlled 
Word Association Test (FAS verbal fluency 
[fluency with the letters F, A, and SJ).” 
Visuospatial construction was tested with 
the Extended Range Drawing Test, a mea- 
sure of the ability to copy geometric figures 
of varying complexity,' and the Block Pat- 
terns subtest, a test of three-dimensional 
block constructions, from the Hiskey-Ne- 
braska Test of Learning Aptitude.” Visual 
perceptual discrimination was measured 
with the Benton Facial Recognition Test.” 


* DAT indicates dementia of the Alzheimer type; PET, positron emission tomography. 
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Indexes of the disproportion between 
neuropsychological impairments were con- 
structed to relate neuropsychological pat- 
terns to right-left regional cerebral meta- 
bolic asymmetries. Because of differences 
in the scaling properties of different tests 
and uncertain equivalence of intervals for 
different score ranges within tests, some 
indexes were constructed using a nonpara- 
metric transformation of test scores. Pa- 
tients and controls were ranked separately 
on each test. An individual’s discrepancy 
between performance on two tests was in- 
dexed by the difference between ranks on 
those tests. Two indexes that used mea- 
sures with more reliable scaling properties, 
namely WAIS DQs, were constructed by 
calculating the difference between original 
scores. 

Four neuropsychological asymmetry in- 
dexes were constructed to examine the dis- 
crepancy between right hemisphere visuo- 
spatial functions and left hemisphere ver- 
bal functions. The first index contrasted the 
Extended Range Drawing Test with the 
Syntax Comprehension Test. The second 
and third indexes contrasted the WAIS 
PDQ with the WAIS VDQ and MDQ, re- 
spectively. The fourth index contrasted im- 
mediate story recall on the Wechsler Mem- 
ory Scale with immediate visual reproduc- 
tion. 


PET 


Resting-state rCMRgle were measured 
with PET and FDG, as described 
elsewhere.'**'’ Scanning was accomplished 
with an ECAT-II scanner (ORTEC, Life 
Sciences, Oak Ridge, Tenn), which has an 
in-plane resolution of 1.7-cm full-width at 
half-maximum. Metabolic rates were cal- 
culated in units of milligrams per 100 g of 
brain per minute using the operational 
equation of Huang et al”? and a lumped con- 
stant of 0.418. During the FDG-uptake pe- 
riod, subjects were supine in a quiet, dark- 
ened room with eyes covered and ears 
plugged to reduce sensory input. Subjects 
were allowed to acclimate to the room for at 
least 30 minutes prior to intravenous injec- 
tion of 5 mCi of FDG. Scanning began 45 
minutes later. Images of seven cross-sec- 
tional slices parallel to and 5 to 100 mm 
above the inferior orbitomeatal line were 
made. Up to 59 regions of interest were 
identified and outlined. Horizontal sections 
from a brain atlas that best matched the 
anatomic configuration inferred from each 
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Fig 1.—Cortical regions used in analysis of 
cerebral metabolism. Regions are labeled as 
follows (corresponding subregions from Duara 
et al? are in parentheses, with height above in- 
ferior orbitomeatal line in millimeters): PF, pre- 
frontal (superior frontal, 80 to 100; superior 
frontal, 60 to 80; and superior frontal, 35 to 
60); PM, premotor (middle frontal, 65 to 90; 
middle frontal, 45 to 65; and inferior frontal, 50 
to 70); OF, orbitofrontal (orbitofrontal, 20 to 
35); SM, perirolandic sensorimotor (precen- 
tral, 70 to 100; precentral, 55 to 70; postcen- 
tral, 70 to 100; and postcentral, 55 to 70); P, 
parietal (superior parietal, 70 to 100, and infe- 
rior parietal, 45 to 70); LT, lateral temporal 
(superior temporal, 30 to 45; middle temporal, 
15 to 30; and inferior temporal, 5 to 15); and 
O, occipital (cuneus, 45 to 65; calcarine, 30 to 
45; and lingual, 15 to 30). 


image were used to guide region identi- 
fication.” 

Right-left metabolic asymmetries were 
calculated for seven larger cortical regions 
(Fig 1): (1) prefrontal, (2) premotor, (3) or- 
bitofrontal, (4) perirolandic sensorimotor, 
(5) parietal association, (6) occipital, and (7) 
lateral temporal. The metabolic rate for 
each larger region was calculated as a 
weighted mean of the smaller regions’ met- 
abolic rates. Right-left metabolic asymme- 
tries were calculated using the following 
equation 


Asymmetry = 2(R — L)/(R+ L) 


in which R and L refer to right- and left- 
side rCMRglc, respectively. 

For illustrative purposes, images from 
later PET scans of one patient are pre- 
sented that were obtained using a PC1024 
tomograph (Scanditronix, Uppsala, Swe- 
den) that has an in-plane resolution of 
6-mm full-width at half-maximum and an 
axial resolution of 10 mm. The patient was 
in a similar resting state with attenuated 
sensory input during the FDG-uptake pe- 
riod. 


Statistical Analyses 


Control neuropsychological test scores 
were contrasted with those of moderately 
impaired DAT patients at initial evaluation 
and with those of mildly impaired patients 
at initial and final follow-up study, using 
Bonferroni ¢ tests with probabilities cor- 
rected for three comparisons.” Severely 
demented patients were excluded from 
analyses involving neuropsychological test 
scores because most of these patients were 
unable to follow test instructions. 

Contrasts between right-left metabolic 
asymmetries in controls, on the one hand, 
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and mildly, moderately, and severely im- 
paired DAT patients, on the other hand, 
were tested using the F statistic for equal- 
ity of variances, with probabilities cor- 
rected for three comparisons. 

Stability of right-left metabolic asymme- 
tries over time was analyzed by calculating 
the Spearman rank-order correlations be- 
tween initial and follow-up measures for 
individual patients. Annual rates of change 
of neuropsychological test scores and the 
absolute value of right-left metabolic asym- 
metries were determined by calculating the 
slopes of the linear regression between the 
values of each variable from all evaluations, 
on the one hand, and dates of evaluation, on 
the other hand, for each patient. For pa- 
tients with only two evaluations, a rate was 
simply the difference between initial and 
follow-up values divided by follow-up in- 
terval in years. Whether rates differed sig- 
nificantly from zero was tested using t tests. 

Relations between neuropsychological 
and PET pattern indexes were analyzed us- 
ing the Spearman rank order correlations. 
This statistic was chosen to lessen the 
chance of finding a significant correlation 
due primarily to one or two outlying data 
points. Because of uncertainty over premor- 
bid lateralization of cognitive function, the 
left-handed patient with DAT was excluded 
from analyses of relations between neu- 
ropsychological patterns and right-left 
metabolic asymmetries. 


RESULTS 
Neuropsychological Tests 


Table 2 presents the neuropsycho- 
logical test results for controls, for the 
initial evaluation of moderately im- 
paired DAT patients, and for the ini- 
tial and follow-up evaluations of 
mildly impaired DAT patients with 
annual rates of change. At initial eval- 
uation, moderately impaired patients 
differed significantly from controls on 
all neuropsychological tests. In con- 
trast, the mildly impaired patients 
differed significantly from controls 
only on tests of overall dementia se- 
verity (Mattis Dementia Scale), the 
ability to commit new information to 
long-term memory, and attention to 
complex or shifting sets (Stroop color 
word and Trail B of the Trailmaking 
Test). The initial performance of 
mildly impaired patients did not differ 
significantly from that of controls on 
scores from the WAIS, tests of plan- 
ning, visual abstract reasoning, lan- 
guage, visuospatial construction, and 
visuoperceptual discrimination. 

Eight of the 11 patients with DAT 
with initially mild impairment had 
Mini-Mental State examination scores 
that still indicated mild impairment 
(range, 22 to 28) at last follow-up eval- 
uation, an average of 26 months after 
the initial evaluation. Three patients 
had scores indicating moderate im- 
pairment. In contrast with the initial 


evaluation, the last evaluation re- 
vealed significant differences between 
these patients and controls on a broad 
range of nonmemory tests. Wechsler 
Full Seale IQ and the DQs loading on 
calculations, immediate verbal mem- 
ory span, and visuospatial construc- 
tion were significantly lower in these 
patients, relative to controls. Tests of 
planning and foresight, visual abstract 
reasoning, verbal fluency, and three- 
dimensional visuospatial construction 
also demonstrated significant impair- 
ments relative to controls. At last 
evaluation, however, these patients 
still did not differ significantly from 
controls on two language tests (sen- 
tence comprehension and confronta- 
tion naming) and on two visuospatial 
tests (complex drawings and facial 
discrimination). 

Rates of decline on neuropsycholog- 
ical tests in mildly impaired patients, 
as calculated using all evaluations of 
each patient, were significant for a 
broad range of memory and nonmem- 
ory tests. Overall dementia severity 
and overall intelligence declined sig- 
nificantly. On memory tests, signifi- 
cant declines were seen only on tests of 
immediate recall, in part because de- 
layed recall at initial evaluation was so 
low that there was no room for further 
decline. Performance on tests of visual 
abstract reasoning and the ability to 
attend to complex or shifting sets also 
declined significantly. Performance on 
tests of specific language and visuo- 
spatial functions, however, tended not 
to decline significantly in these early 
stages of DAT, although the test of 
three-dimensional construction dis- 
played a significant decline. 


Right-Left rCMRgic Asymmetries 


The variance of right-left metabolic 
asymmetries was significantly greater 
in patients with DAT of all severities 
relative to controls (Table 3 and Fig 2). 
In mildly and moderately impaired 
DAT patients, metabolic asymmetries 
were significant in the association cor- 
tices of the frontal, parietal, and tem- 
poral lobes but not in the sensorimotor 
primary cortices or in the occipital 
cortices, which are composed of the 
primary and first-order association vi- 
sual cortices. In severely impaired 
DAT patients, metabolic asymmetries 
also had significantly higher vari- 
ances, relative to controls, in the fron- 
tal, parietal, and temporal association 
cortices, but not in the primary sen- 
sorimotor cortices. The occipital cor- 
tices in severely impaired patients, 
however, did demonstrate significant 
metabolic asymmetry relative to con- 
trols. 
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Longitudinal changes in right-left 
metabolic asymmetries were exam- 
ined in two ways. First, the stability of 
direction and relative magnitude was 
examined by calculating the Spearman 
rank-order correlations between ini- 
tial and last follow-up asymmetries. 
Second, changes in the absolute mag- 
nitude of metabolic asymmetries were 
calculated as the slope of the regres- 
sion of the absolute value of metabolic 
asymmetry against time. The results 
are presented in Table 4. Initial and 
last follow-up metabolic asymmetries 
in mildly impaired patients were sig- 
nificantly correlated in the prefrontal, 
parietal, and temporal association cor- 
tices, indicating that in these regions 
the direction and relative sizes of met- 
abolic asymmetries were stable over a 
mean follow-up period of 26 months. In 
these same association cortices, how- 
ever, the absolute magnitude of meta- 
bolic asymmetry increased signifi- 
cantly at rates of 1.0% to 2.3% per 
year, indicating that the direction of 
asymmetry was set at the time of the 
first study, but that the asymmetry 
worsened over time at a significant but 
gradual rate. 

To illustrate the nature of longi- 
tudinal change in metabolic asymme- 
tries, parietal metabolic asymmetries 
from all studies of initially mildly im- 
paired DAT patients are displayed in 
Fig 3. This graph presents results from 
37 PET scans. As can be seen, the rate 
of accentuation is small compared 
with the absolute size of the asymme- 
try in most patients. The most marked 
feature of these data is the stability of 
the direction of asymmetry. Not 1 of 11 
patients changed direction of asymme- 
try over multiple, repeated studies. 

This trend toward accentuation of 
metabolic asymmetry in mildly im- 
paired DAT patients does not appear 
to persist into the later stages of DAT. 
In patients who are moderately to se- 
verely impaired, rates of change for 
association cortex metabolic asymme- 
tries did not differ significantly from 
zero, but tended to be negative. This 
negative finding may be attributable, 
in part, to the shorter follow-up peri- 
ods for these patients (mean, 18 
months), leading to less reliable, more 
variable estimates of rates of change. 
Of the five moderately impaired pa- 
tients with at least three PET scans 
(with the duration of follow-up rang- 
ing from 23 to 33 months), however, 
three demonstrated overall decreases 
of association cortex metabolic asym- 
metries. To illustrate this trend to- 
ward diminishing metabolic asymme- 
tries in later stages of DAT, PET scans 
from one female patient are displayed 
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Neuropsychological 
Test 


Omnibus tests 


Controls 











Moderate (N = 11) Rate of 
DAT ee —_ Change 
(N = 13) Initial Follow-Up (Points /y) 


Mattis Dementia Scale 142 + 2(29) 112 
Wechsler Intelligence Scale 
Full Scale IQ 126 + 10(29) 92 
Factor deviation quotients 
Verbal Comprehension 129 + 10(29) 102 
Memory/Distractibility 116 + 13 (29) 92 
Perceptual Organization 119 + 13 (29) 84 
Memory 
Wechsler Memory Scale 
Immediate Story Recall 22 + 5 (29) 5 
Immediate Figure Recall 10 + 3 (29) 1 
Delayed Story Recall 17 + 5 (29) 1 
Delayed Figure Recall 7 + 3 (29) (0) 
Attention, planning, and abstract reasoning 
Porteus Maze 
Test (test age, y) 15.4 = 1.8 (29) 7.7 
Raven's Colored Matrices 33 + 3 (26) 18 
Stroop Color- 
Word Interference 
Task, items/45 s 37 + 8 (24) 12 
Trailmaking Test, 
Trail B, st 82 + 40 (27) 428 
Language 
Syntax Comprehension 24 + 2 (27) 17 
Controlled Word Association 42 + 15(28) 25 
Boston Naming Test} 37 + 4 (21) 25 
Visuospatial 
Extended Range Drawing 21 + 2 (26) 13 
Hiskey-Nebraska 
block patterns 15 + 4 (23) 4 
Benton Facial Recognition 44 + 4 (29) 39 


Mild DAT 


































+ 15§ 132 +6|| 124+ 11§ —4.5 + 4.5# 
+ 17§ 11748 110 + 10|| —4.1 + 4.0# 
+ 17§ 12349 119 + 14 —2.5+6.7 

+ 15§ 113+8 103 + 111 —5.6 + 3.9** 
+ 26§ 109+13 104+ 151 -2.9 + 6.5 

+ 3§ 11 + 5§ 5+4§ -25+1.5** 
+ 2§ 7 + 4§ 4+3§ —1.2 + 1.5tt 
+ 1§ 2+ 4§ 0+1§ -0.7+ 1.2 

+ 1§ 1+ 1§ 0+1§ -03+05 

+ 3.8§ 128+ 3.9 11.6 + 3.3]| -0.6 + 1.2 

+ 8§ 30 + 4 26 + 5| -1.7+ 1.7# 
+ 8§ 24 + 8|| 18 + 11§ -5.5 + 4.4# 
+ 139§ 192 + 155% 281 + 182§ +54 + 64tt 
+ 5§ 23 +2 21+4 —-1.1+18 
+12§ 34+ 13 29+ 111 —4.6 + 10.4 
+ 8§ 35 +7 33 +10 -19+6.3 

+ 5§ 19+4 18+4 -06+19 

+ 3§ 174+5 9 + 5| —1.2 + 1.6# 
+ 5|| 42+5 42+4 -02+1.9 


* Scores are computed for populations of controls, patients with moderate or mild dementia of the Alzheimer 
type (DAT) at initial evaluation, and patients with mild DAT at the final follow-up evaluation. Data are presented 
as means + SDs. The number of controls is presented in parentheses. 


tFailure was assigned a time of 501 s. 
+Odd-numbered items only. 

§P < .0001 (differs from controls). 

||P < .01 (differs from controls). 

1P < .05 (differs from controls). 

#P < .01 (differs from zero). 

**P < .001 (differs from zero). 

ttP < .05 (differs from zero), 


Controls 
Brain Region (N = 31) 


Association cortex 
Prefrontal 


Premotor 
Orbitofrontal 
Parietal 

Lateral temporal 


Primary cortex 
Sensorimotor 


Occipitalt 


0.01 + 0.03 
0.01 + 0.05 
—0.01 + 0.06 
—0.01 + 0.06 
=—0.07 2.0.07 


0.00 + 0.05 


Patients With DAT 


Moderate 
(N = 13) 


—0.01 
—0.02 
—0.03 + 0.11§ 
—0.03 + 0.13§ 
—0.03 + 0.18] 


0.08| 
0.16|| 


+ T+ [i+ | H+ | 


0.00 + 0.06 
—0.01 + 0.03 





* DAT indicates dementia of the Alzheimer type. Data are presented as means + SDs. 


tPrimary and unimodal association cortex. 
+P < 0.05, variance greater than that of controls. 
§P < 0.01, variance greater than that of controls. 


||P < 0.001, variance greater than that of controls. 


in Fig 4. This patient has now been 
studied repeatedly over 68 months. 
Later PET scans were performed using 
the PC1024 tomograph (with in-plane 


resolution of 6 mm). At the time of 
initiai evaluation, she was moderately 
impaired (Mini-Mental State exami- 
nation score of 15) with disproportion- 
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Fig 2.—Scatterplots of right-left metabolic asymmetries for controls and patients with dementia 
of the Alzheimer type (DAT). Asterisk indicates variance greater than that of control, P < .001. 
Equation for right-left metabolic asymmetry is as follows: 2(R — L)/(R + L). 
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Fig 3.—Parietal metabolic asymmetries in 11 patients with initially mild impairment measured re- 
peatedly over time (mean follow-up duration, 26 months). Each line connects asymmetry values 
for an individual patient. Equation for parietal regional cerebral metabolic rates for glucose 


(rCMRglc) is as follows: 2(R — L)/(R + L). 


ate impairment of visuospatial func- 
tion. At her last evaluation, she was 
profoundly and globally demented. As 
can be seen in Fig 4, her initial PET 
scan revealed a marked asymmetry, 
with right association cortex rCMRgle 
lower than those on the left. At last 
evaluation, however, association cor- 
tex rCMRgle reductions are more 
widespread and symmetric. Only the 
primary somatosensory, motor, visual, 
and auditory cortices demonstrated 
relative sparing. 
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Relationships Between Metabolic and 
Neuropsychological Patterns 


Correlations between metabolic 
asymmetries and _ neuropsychologi- 
cal visuospatial/verbal discrepancies 
were calculated for those brain regions 
that consistently demonstrated signif- 
icant metabolic asymmetries. In mod- 
erately impaired patients, 7 of 16 cor- 
relations were statistically significant 
and in the expected direction, ie, dis- 
proportionate right-sided hypometab- 


olism was associated with dispropor- 
tionate visuospatial impairment, and 
vice versa (Table 5). The regional 
asymmetry that correlated most con- 
sistently with neuropsychological dis- 
crepancy was in the parietal associa- 
tion cortex. In controls and in mildly 
impaired patients at initial evaluation, 
no correlation was significant or 
tended in the expected direction. How- 
ever, in mildly impaired patients at 
last evaluation, when 8 of 11 were still 
mildly impaired, all correlations were 
in the expected direction, and four 
were statistically significant. Unlike 
the results in the moderately impaired 
patients, no single regional asymme- 
try clearly demonstrated a stronger 
correlation with a neuropsychological 
pattern than any other. The neuropsy- 
chological discrepancy that was most 
consistently correlated with metabolic 
asymmetry in moderately impaired 
DAT patients, drawing vs sentence 
comprehension, was not significantly 
correlated with any metabolic asym- 
metry in the mildly impaired patients 
at follow-up. Of the four neuropsycho- 
logical discrepancies, only two con- 
trasted tests that both demonstrated 
significant impairments in mildly im- 
paired patients on their last evalua- 
tion (visual vs verbal immediate recall 
and WAIS PDQ vs MDQ). Interest- 
ingly, only these two indexes demon- 
strated significant correlations with 
metabolic asymmetries. 


COMMENT 


As neuropsychological function 
worsened in the mildly impaired pa- 
tients, patterns of impairment 
emerged that were correlated with 
asymmetric neocortical metabolic pat- 
terns. The metabolic asymmetries, 
however, were statistically significant 
at an earlier stage of DAT, before 
these neuropsychological patterns 
were evident. These results support 
our earlier prediction that neocortical 
metabolic abnormalities precede sig- 
nificant neocortically mediated neu- 
ropsychological impairments in the 
early stages of DAT, and that, at least 
with respect to the neocortex, PET 
provides an earlier measure of dys- 
function than does neuropsychological 
testing. 

Neuropsychological impairments in 
the mildly impaired DAT patients be- 
came more severe and widespread as 
the disease progressed. Of six patients 
who initially had had an isolated mem- 
ory impairment, 5 developed signifi- 
cant nonmemory impairments. At last 
evaluation, an average of 26 months 
after the initial evaluation, the mildly 
impaired patients differed significant- 
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Fig 4.—Five positron emission tomographic 
scans of regional cerebral metabolic rates for 
glucose acquired over 68 months of longitudi- 
nal study in a patient with dementia of the 
Alzheimer type. A marked asymmetry (right 
lower than left) in association cortices was ev- 
ident in the early scans. By the time of the final 
scan, all association cortices in the right and 
left hemispheres demonstrated equivalently 
severe hypometabolism. Top, Three scans 
performed on the ECAT Il scanner (ORTEC, Life 
Sciences, Oak Ridge, Tenn) (in-plane resolu- 
tion, 1.7 cm full-width at half-maximum; slice 
thickness, 1.6 cm). Bottom, Two scans per- 
formed on the PC 1024 scanner (Scanditronix, 
Uppsala, Sweden) (in-plane resolution, 0.6 cm; 
slice thickness, 1.0 cm). 


ly from controls on a number of tests 
of nonmemory functions that did not 
demonstrate significant differences at 
initial evaluation. Similarly, rates of 
change were significant on a number of 
nonmemory neuropsychological tests. 
At last evaluation, however, most of 
these patients remained only mildly 
impaired, with test scores that were 
closer to their initial scores than to 
those of the moderately impaired pa- 
tients. Based on these scores, there- 
fore, the stage of DAT that is repre- 
sented by the longitudinal analysis of 
the mildly impaired patients spans 
from a very early predementia phase 
to a point midway between mild and 
moderate DAT. 

Significant worsening of neuropsy- 
chological function in early DAT was 
accompanied by significant accentua- 
tion of right-left metabolic asymme- 
tries in the prefrontal, parietal, and 
temporal association cortices. At ini- 
tial evaluation, metabolic asymme- 
tries in these regions were statistically 
significant but were not correlated 
with neuropsychological discrepancies 
between visuospatial and verbal im- 
pairments. At last evaluation, these 
correlations were statistically signifi- 
cant and in the expected direction. The 
emergence of these significant corre- 
lations in the mildly impaired DAT 
patients cross-validates the relation 
between metabolic asymmetries and 
neuropsychological discrepancies pre- 
viously reported in our cross-sectional 
study of moderately impaired DAT 
patients.'? Moreover, these correla- 
tions indicate that the patterns of 
neuropsychological impairment that 
develop in the early stages of DAT are 
heterogeneous. For individual pa- 
tients, the neuropsychological pattern 
that emerges is predicted by early 
metabolic asymmetries in the associa- 
tion cortices. 

Initial and follow-up prefrontal, pa- 
rietal, and temporal metabolic asym- 
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Table 4.—Longitudinal Data on Right-Left Metabolic Asymmetries 
in Patients With DAT* 


Spearman Correlation of 


Brain Region 


Association cortices 
Prefrontal 


Premotor 0.60 
Orbitofrontal 0.31 
Parietal 

Lateral temporal 


Primary cortices 
Sensorimotor 


Occipital 


Initial Values With Follow-up Values 


0.72+ 


0.97§ 
0.82|| 


Rate of Change, %/yt 


1.19 
2.7 
3.2 
2.61 
1.9% 


1.0 
1.3 
=0,1 
2.3 
1.5 


I+ [1+ | I+ iH H 





* Patients with dementia of the Alzheimer type (DAT) were mildly impaired at first evaluation. Spearman rank- 
sum correlations between initial and final follow-up asymmetry values indicate the stability of direction and rel- 
ative magnitude. Rate of change indicates changes in absolute magnitude of asymmetry. 


+Data are presented as means + SDs. 
+P < .05. 

§P < .001. 

||P < .01. 

IP < .05 (differs from zero). 


Table 5.—Spearman Rank-Sum Correlations Between Right-Left Metabolic 
Asymmetries and Visuospatial-Verbal Neuropsychological Discrepancies * 


Cerebral Metabolic Asymmetry 


casa 1 OOODOODMWN Or, 


Neuropsychological 
Discrepancy 


Controls 
WAIS PDQ vs VDQt (N= 29) 


WAIS PDQ vs MDQ? (N= 29) 
Drawing vs Comprehension (N= 16) 
Visual vs Verbal Recall (N= 15) 


Moderate DAT (N= 13) 
WAIS PDQ vs VDQ 


WAIS PDQ vs MDQ 
Drawing vs Comprehension 
Visual vs Verbal Recall 


Mild DAT (N= 10) 
Initial evaluation 
WAIS PDQ vs VDQ 


WAIS PDQ vs MDQ 
Drawing vs Comprehension 
Visual vs Verbal Recall 


Last evaluation 
WAIS PDQ vs VDQ 


WAIS PDQ vs MDQ 
Drawing vs Comprehension 
Visual vs Verbal Recall 


* Evaluations were made on controls, patients with moderate dementia of the Alzheimer type (DAT), and pa- 


Prefrontal 


Lateral 


Premotor Parietal Temporal 


0.02 
0.04 
—0.24 
—0.18 


0.38 
0.59 
0.17 
0.71§ 





tients with mild DAT at initial and last follow-up examinations. WAIS indicates Wechsler Adult Intelligence Scale; 


PDQ, Perceptual Organization deviation quotient; VDQ, Verbal Comprehension deviation quotient; and MDQ, 


Memory and Freedom From Distractibility quotient. 
tWAIS PDQ minus VDQ. 
+WAIS PDQ minus MDQ. 
§P < .05. 
||P < .01 


metries were significantly correlated. 
These results extend our earlier 
finding‘ of directional stability of met- 
abolic asymmetry to a longer follow- 
up period. In contrast, Jagust et al” 
found that metabolic asymmetries 
were not directionally stable in a 
smaller sample of patients with DAT 
(N =6) who were each studied only 
twice. As is evident in Fig 3, metabolic 
asymmetries in our mildly impaired 
DAT patients demonstrated remark- 
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able directional stability over multiple 
studies in individual patients. We have 
no explanation for the results of Ja- 
gust et al* other than the limited size 
of their data set. 

Aside from memory, the nonmem- 
ory function that was most consis- 
tently impaired in these mildly af- 
fected DAT patients was the ability to 
maintain attention to complex or 
shifting sets. The Stroop color word 
interference task and Trail B from the 


Trailmaking Test revealed the first 
significant nonmemory impairment, 
and both showed significant worsening 
in these early stages of DAT. Tests of 
specific language and visuospatial 
functions did not demonstrate consis- 
tently significant rates of decline or 
impairment at last evaluation, sug- 
gesting that these functions deterio- 
rate at a later stage of DAT than does 
the function of complex attention. 
A case-by-case analysis reported 
elsewhere’ reveals that this pattern of 
neuropsychological decline (complex 
attention before language or visuospa- 
tial functions) was evident in six of 
seven patients who were first studied 
before significant language or visuo- 
spatial impairments had developed. 

Our conclusions on the temporal or- 
der in which memory, attention, lan- 
guage, and visuospatial impairments 
develop in DAT are based on the tests 
included in the battery. A challenge for 
future research is to find tests that are 
more sensitive to early neuropsycho- 
logical changes in DAT. It is possible, 
for example, that some language func- 
tions not measured by our battery will 
demonstrate earlier impairment than 
those that were measured. A good 
candidate for such a function is seman- 
tically guided serial naming,* which 
may be more closely related to the 
word-finding difficulty experienced by 
patients with DAT in free speech than 
are tests of confrontation naming or 
orthographically guided serial naming 
(ie, FAS). Similarly, it is possible that 
better measures of selective, divided, 
or shifting attention would have de- 
tected an abnormality earlier in the 
patients thought to have an isolated 
memory impairment. The current re- 
sults, however, indicated that these 
patients initially had remarkably pre- 
served nonmemory cognitive function, 
suggesting that any impairment re- 
vealed by more extensive testing would 
be subtle. 

Right-left metabolic asymmetries 
were much more pronounced in the as- 
sociation cortices than in the primary 
cortices at all stages of DAT, demon- 
strating relative sparing of primary 
cortical regions that is evident both 
metabolically'?*°?""* and neuropath- 
ologically.* The significant occipital 
metabolic asymmetry in severely im- 
paired DAT patients may reflect en- 
croachment of the disease process into 
the unimodal visual association corti- 
ces. 

Longitudinal analysis revealed 
changes in metabolic asymmetries 
that were not evident from the cross- 
sectional comparisons of mild, moder- 
ate, and severe DAT. In the early 
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stages of DAT, right-left metabolic 
asymmetries became more accentu- 
ated, suggesting that the areas that 
were first affected had faster rates of 
deterioration. On the other hand, some 
moderately to severely impaired DAT 
patients showed clear reductions in 
metabolic asymmetries, although this 
was not consistently observed for all 
patients. These results suggest that 
deterioration in the areas later af- 
fected by the disease eventually 
catches up to the level of deterioration 
in areas affected earlier. 

At initial evaluation, the discrep- 
ancy between immediate visual and 
verbal recall was not correlated with 
metabolic asymmetries in mildly im- 
paired patients, even though these pa- 
tients had significant deficits on both 
measures. At last evaluation, the neu- 
ropsychological deficits had worsened, 
and the discrepancy was significantly 
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related to metabolic asymmetry. This 
change in correlation may reflect a 
change in the neuropsychological def- 
icits that underlie impaired immediate 
recall in the very early and intermedi- 
ate stages of DAT. Immediate recall 
for a set of information that exceeds 
immediate memory span, such as a 
story or a complex figure, depends on 
several cognitive and mnestic func- 
tions. The information must be ade- 
quately comprehended or perceived. 
Both short-term and long-term mem- 
ory stores contribute to immediate 
recall.” Finally, reproducing the infor- 
mation requires intact verbal expres- 
sion and visuospatial construction. 
The profound delayed recall impair- 
ment in mildly impaired patients at 
initial evaluation suggests that long- 
term memory was markedly deficient 
and contributed little to immediate 
recall. Subsequent decline in immedi- 
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An adjunct to levodopa/carbidopa a 7; 
in the management of patients with Ee 
Parkinson’s disease 


© The first dopamine agonist indicated for 
Parkinson's disease with activity at both 
D, and D» receptors 


@ 10 to 1,000 times more potent than bromo- 
criptine on a milligram-per-milligram basis 


@ Improves patients’ functioning in activities 
of daily living, relieves signs and symptoms, 
and reduces “off” time 


èe May allow a significant reduction in 
levodopa dosage 


@ Most common adverse events were dyskinesia, 
nausea, dizziness, and hallucinations 


@ Hypotension may occur, especially early in 
the course of therapy 


Stepwise titration without regard to meals 


Available in 0.05-mg, 0.25-mg, and 1-mg 
scored tablets 


Permax performs 


Lilly 


Artist's conception of dopamine agonism in the synapse 


See adjacent page for prescribing information. 





Permax’ 
pergolide mesylate 


Brief Summary. Consult the package literature for complete information. 


Indications and Usage: Permax is indicated as adjunctive treatment to 
levodopa/carbidopa in the management of the signs and symptoms of Parkin- 
son's disease 

Evidence to support the efficacy of pergolide mesylate as an antiparkinso- 
nian adjunct was obtained in a multicenter study enrolling 376 patients with 
mild to moderate Parkinson's disease who were intolerant to !evodopa/ 
carbidopa as manifested by moderate to severe dyskinesia and/or on-off phe- 
nomena. On average, the sample of patients evaluated had been on !evodopa/ 
carbidopa for 3.9 years (range, two days to 16.8 years). The administration of 
pergolide mesylate permitted a 5% to 30% reduction in the daily dose of 
levodopa. On average, these patients treated with pergolide mesylate main- 
tained an equivalent or better clinical status than they exhibited at baseline. 


Contraindications: Pergolide mesylate is contraindicated in patients who are 
hypersensitive to this drug or other ergot derivatives. 


Warnings: Symptomatic Hypotension —in clinical trials, approximately 10% 
of patients taking pergolide mesylate with levodopa vs 7% taking placebo with 
levodopa experienced symptomatic orthostatic and/or sustained hypotension, 
especially during initial treatment. With gradual dosage titration, tolerance to 
the hypotension usually develops. It is, therefore, important to warn patients of 
the risk, to begin therapy with low doses, and to increase the dosage in care- 
fully adjusted increments over a period of three to four weeks. 

Hallucinosis —\n controlled trials, pergolide mesylate with levodopa caused 
hallucinosis in about 14% of patients as opposed to 3% taking placebo with 
levodopa. This was of sufficient severity to cause discontinuation of treatment 
in about 3% of those enrolled: tolerance to this untoward effect was not 
observed 

Fatalities —in the placebo-controlled trial, two of 187 patients treated with 
placebo died as compared with one of 189 patients treated with pergolide 
mesylate. Of the 2,299 patients treated with pergolide mesylate in premarketing 
studies evaluated as of October 1988, 143 died while on the drug or shortly 
after discontinuing the drug. The patient population under evaluation was 
elderly. ill, and at high risk for death. It seems unlikely that pergolide mesylate 
played any role in these deaths, but the possibility that pergolide shortens sur- 
vival of patients cannot be excluded with absolute certainty. 

In particular, a case-by-case review of the clinical course of the patients who 
died failed to disclose any unique set of signs, symptoms, or laboratory results 
that would suggest that treatment with pergolide caused their deaths. Sixty- 
eight percent (68%) of the patients who died were 65 years of age or over. No 
death (other than a suicide) occurred within the first month of treatment; most 
of the patients who died had been on pergolide for years. A relative frequency of 
the causes of death by organ system are: pulmonary failure/pneumonia, 35%; 
cardiovascular, 30%; cancer, 11%; unknown, 8.4%, infection, 3.5%: extrapyra- 
midal syndrome, 3.5%; stroke, 2.1%; dysphagia, 2.1%; injury, 1.4%; suicide, 
1.4%; dehydration, 0.7%; glomerulonephritis, 0.7%. 


Precautions: Genera/ —Caution should be exercised when administering 
pergolide mesylate to patients prone to cardiac dysrhythmias. 

In a study Comparing pergolide mesylate and placebo, patients taking 
pergolide mesylate were found to have significantly more episodes of atrial 
premature contractions (APCs) and sinus tachycardia. 

The use of pergolide mesylate in patients on levodopa may cause and/or 
exacerbate preexisting states of confusion and hallucinations (see Warnings) 
Also, the abrupt discontinuation of pergolide mesylate in patients receiving it 
chronically as an adjunct to levodopa may precipitate the onset of hallucina- 
tions and contusion; these may occur within a span of several days. Discontin- 
uation of pergolide should be undertaken gradually whenever possible, even if 
the patient is to remain on levodopa. 

The administration of pergolide mesylate to patients receiving levodopa may 
Cause and/or exacerbate preexisting dyskinesia 

Information for Patients —Patients and their families should be informed of 
the common adverse consequences of the use of pergolide mesylate (see 
Adverse Reactions) and the risk of hypotension (see Warnings). 

Patients should be advised to notify their physician if they become pregnant 
or intend to become pregnant during therapy 

Hii should be advised to notify their physician if they are breast feeding 
an infant 

Laboratory Tests —No specific laboratory tests are deemed essential for the 
management of patients on Permax. Periodic routine evaluation of all patients. 
nowever, is appropriate 

Drug Interactions —Dopamine antagonists, such as the neuroleptics (phe- 
nothiazines, butyrophenones, thioxanthines) or metoclopramide, ordinarily 
should not be administered concurrently with Permax (a dopamine 
agonist); these agents may diminish the effectiveness of Permax. 

Because pergolide mesylate is approximately 90% associated with plasma 
proteins, caution should be exercised if pergolide mesylate is coadministered 
with other drugs known to affect protein binding. 

Carcinogenesis, Mutagenesis, and Impairment of Fertility —A two-year 
Carcinogenicity study was conducted in mice a dietary levels of pergolide 
mesylate equivalent to oral doses of 0.6, 3.7, and 36.4 mg/kg/day in males and 
0.6, 4.4, and 40.8 mg/kg/day in females. A two-year study in rats was con- 
ducted using dietary levels equivalent to oral doses of 0.04, 0.18, and 0.88 
mg/kg/day in males and 0.05, 0.28, and 1.42 mg/kg/day in females. The 
highest doses tested inthe mice and rats were approximately 340 and 12 times 
the maximum human oral dose administered in controlled clinical trials (6 mg/ 
day equivalent to 0.12 mg/kg/day) 

A low incidence of uterine neoplasms occurred in both rats and mice. 
Encometrial adenomas and carcinomas were observed in rats. Endometrial 
sarcomas were observed in mice. The occurrence of these neoplasms is prob- 
ably attributable to the high estrogen/progesterone ratio which would occur in 
rodents as a result of the prolactin-inhibiting action of pergolide mesylate. The 
endocrine mechanisms believed to be involved in the rodents are not present in 
humans. However, even though there is no known correlation between uterine 
malignancies occurring in pergolide-treated rodents and human risk, there are 
no human data to substantiate this conclusion. 

Pergolide mesylate was evaluated for mutagenic potential in a battery of 
tests that included an Ames bacterial mutation assay, a DNA repair assay in 
cultured rat hepatocytes, a point-mutation assay in cultured L5178Y cells, and 
a determination of chromosome alteration in bone marrow cells of Chinese 
hamsters. A weak mutagenic response was noted in the in vitro mammalian 
cell-point-mutation assay using L5178Y cells only after metabolic activation 
with rat liver microsomes. No mutagenic effects were obtained in the two other 
in vitro assays and in the in vivo assay. The relevance of these findings to 
humans is unknown. 

A fertility study in male and female mice showed that fertility was maintained 
at 0.6 and 1.7 mg/kg/day but decreased at 5.6 mg/kg/day. Prolactin has been 
reported to be involved in stimulating and maintaining progesterone levels 
required for implantation in mice and, therefore, the impaired fertility at high 
dose may occur because of depressed prolactin levels. 

Usage in Pregnancy—Pregnancy Category B —Reproduction studies were 
conducted in mice at doses of 5, 16, and 45 mg/kg/day and in rabbits at doses 
of 2, 6, and 16 mg/kg/day. The highest doses tested in mice and rabbits were 
375 and 133 times the 6 mg/day maximum human dose administered in con- 
trolled clinical trials. Inthese studies, there was no evidence of harm to the fetus 
due to pergolide mesylate. 

There are, however, no adequate and well-controlled studies in pregnant 
women. Among women who received pergolide mesylate for endocrine disor- 
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ders in premarketing studies, there were 33 pregnancies that resulted in healthy 
babies and four pregnancies that resulted in congenital abnormalities (two 
major, two mani a causal relationship has not been established. Because 
human data are limited and because animal reproduction studies are not 
always predictive of human response, this drug should be used during preg- 
nancy only if clearly needed. 

Nursing Mothers —It is not known whether this drug is excreted in human 
milk. The pharmacologic action of pergolide mesylate suggests that it may 
interfere with lactation. Because many drugs are excreted in human milk and 
because of the potential for serious adverse reactions to pergolide mesylate in 
nursing infants, a decision should be made whether to discontinue nursing or to 
—— the drug, taking into account the importance of the drug to the 
mother 
| aai Use —Satety and effectiveness in children have not been estab- 
ished. 


Adverse Reactions: Commonly Observed —\n premarketing clinical trials, the 
most commonly observed adverse events associated with use of pergolide 
mesylate which were not seen at an equivalent incidence among placebo- 
treated patients were: nervous system complaints, including dyskinesia, hallu- 
Cinations, somnolence, insomnia; digestive complaints, including nausea, 
rte <n diarrhea, dyspepsia; and respiratory system complaints, includ- 
ing rhinitis. 

Associated With Discontinuation of Treatment —Twenty-seven percent 
(27%) of approximately 1,200 patients receiving pergolide mesylate for treat- 
ment of Parkinson's disease in premarketing clinical trials inthe US and Canada 
discontinued treatment due to adverse events. The events most commonly 
Causing discontinuation were related to the nervous system (15.5%), primarily 
hallucinations (7.8%) and confusion (1.8%). 

Fatalities—See Warnings. 

Incidence in Controlled Clinical Trials —The table that follows enumerates 
adverse events that occurred at a frequency of 1% or more among patients 
taking pergolide mesylate who participated in the premarketing controlled clin- 
ical trials Comparing peona mesylate with placebo. In a double-blind. con- 
trolled study of six months’ duration, patients with Parkinson's disease were 
continued on levodopa/carbidopa and were randomly assigned to re- 
ceive either pergolide mesylate or placebo as additional therapy. 

The prescriber should be aware that these figures cannot be used to predict 
the incidence of side effects in the course of usual medical practice where 
patient characteristics and other factors differ from those which prevailed 
in the clinical trials. Similarly, the cited frequencies cannot be compared with 
figures obtained from other clinical investigations involving different treat- 
ments, uses, and investigators. The cited figures, however, do provide the pre- 
scribing physician with some basis for estimating the relative contribution of 
sug a nondrug factors to the side-effect incidence rate in the population 
studie 


Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlled Clinical Trial 
Percentage of Patients Reporting Events 


Body System/ Pergolide Mesylate Placebo 
Adverse Event" N=189 N=187 
Body as a Whole 
Pain 7.0 2.1 
Abdominal pain 58 2.1 
Injury, accident 5.8 70 
Headache 5:3 64 
Asthenia 4.2 48 
Chest pain 5 2.1 
Flu syndrome 3.2 2.1 
Neck pain 27 1.6 
Back pain 1.6 2.1 
Surgical procedure 1.6 <1 
Chills 1.1 0 
Face edema 1.1 0 
Infection 1.1 0 
Cardiovascular 
Postural hypotension 90 7.0 
Vasodilatation 3.2 <1 
Palpitation 2.1 <1 
Hypotension 2.1 <1 
Syncope 2.1 1.1 
Hypertension 1.6 1 
Arrhythmia 1.1 <1 
Myocardial infarction 11 <1 
Digestive 
Nausea 243 12.8 
Constipation 10.6 59 
Diarrhea 64 27 
Dyspepsia 6.4 2.1 
Anorexia 48 AA d 
Dry mouth a7 <1 
Vomiting 27 1.6 
Hemic and Lymphatic 
Anemia 1.1 <1 
Metabolic and Nutritional 
Peripheral edema 74 43 
Edema 16 0 
Weight gain 16 0 
Musculoskeletal 
Arthralgia 1.6 21 
Bursitis 1.6 <1 
Myalgia 1.1 <1 
Twitching 14 0 
Nervous System 
Dyskinesia 62.4 24.6 
Dizziness 19.1 13.9 
Hallucinations 13.8 3.2 
Dystonia 11.6 8.0 
Confusion 11.1 9.6 
Somnolence 10.1 3.7 
Insomnia 79 3.2 
Anxiety 6.4 43 
Tremor 42 fie 
Depression 3.2 5.4 
Abnormal dreams 2.7 4.3 
Personality disorder 2.1 <1 
Psychosis 2.1 0 
Abnormal gait 1.6 1.6 
Akathisia 1.6 0 
Extrapyramidal syndrome 1.6 1.1 
Incoordination 1.6 <1 
Paresthesia 1.6 a2 
Akinesia 1.7 11 
Hypertonia 11 0 
Neuralgia 11 <1 
Speech disorder 1.1 16 
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Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlled Clinical Trial 
Percentage of Patients Reporting Events 


Pergolide Mesylate Placebo 
N=189 N=187 


Body System/ 
Adverse Event” 


Respiratory System 
Rhinitis 12.2 
Dyspnea 48 
Epistaxis 1.6 
Hiccup 1.1 


Skin and Appendages 
Rash a2 2 
Sweating 21 2 

Special Senses 
Abnormal vision 5.8 
Diplopia 2.1 

16 
1.1 


= 


Taste perversion 
Eye disorder 


Urogenital System 
Urinary frequency 27 
Urinary tract infection er 
Hematuria 1.1 < 


jie parae by at least 1% of patients receiving pergolide mesylate are 
included. 
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Events Observed During the Premarketing Evaluation of Permax —This sec- 
tion reports event frequencies evaluated as of October 1988 for adverse events 
ocurring in a group of approximately 1,800 patients who took multiple doses of 
pergolide mesylate. The conditions and duration of exposure to pergolide 
mesylate varied greatly, involving well-controlled studies as well as experience 
in open and uncontrolled clinical settings. In the absence of appropriate con- 
trols in some of the studies, a causal relationship between these events and 
treatment with pergolide mesylate cannot be determined. 


The following enumeration by organ system describes events in terms of 
their relative frequency of reporting in the data base. Events of major clinical 
yi gos are also described in the Warnings and Precautions sections. 

he following definitions of frequency are used: frequent adverse events are 
defined as those occurring in atleast 1/100 patients: infrequent adverse events 
are those occurring in 1/100 to 1/1,000 patients; rare events are those occur-' 
ring in fewer than 1/1,000 patients. 

ody as a Whole — Frequent: headache, asthenia, accidental injury, abdom- 
inal pain, chest pain, back pain, flu syndrome, neck pain, fever: /nfrequent 
facial edema, chills, enlarged abdomen, malaise, neoplasm, hernia, pelvic 
pain, sepsis, cellulitis, moniliasis, abscess, jaw pain, hypothermia; Aare: acute 
abdominal syndrome, LE syndrome 

Cardiovascular System — Frequent: postural hypotension, syncope. hyper- 
tension, palpitations, vasodilatations, congestive heart failure; Infrequent: 
myocardial infarction, tachycardia, heart arrest, abnormal electrocardiogram, 
angina pectoris, thrombophlebitis, bradycardia, ventricular extrasystoles, 
cerebrovascular accident, ventricular tachycardia, cerebral ischemia, atrial 
fibrillation, varicose vein, pulmonary embolus, AV block, shock: 
Rare: vasculitis, pulmonary hypertension, pericarditis, migraine, heart block, 
cerebral hemorrhage 

Digestive System — Frequent: nausea, vomiting, dyspepsia, diarrhea, con- 
Stipation, dry mouth, dysphagia; /nfrequent: flatulence, abnormal liver function 
tests, increased appetite, salivary gland enlargement, thirst, gastroenteritis, 
gastritis, periodontal abscess, intestinal obstruction, nausea and vomiting, 
gingivitis, esophagitis, cholelithiasis, tooth caries, hepatitis, stomach ulcer, 
melena, hepatomegaly, hematemesis, eructation; Rare: sialadenitis, peptic 
ulcer, pancreatitis, jaundice, glossitis, fecal incontinence, duodenitis, colitis, 
cholecystitis, aphthous stomatitis, esophageal ulcer. 

Endocrine System — /nfrequent: hypothyroidism, adenoma, diabetes melli- 
tus, ADH inappropriate; Rare: endocrine disorder, thyroid adenoma 

Hemic and Lymphatic System —Frequent: anemia; Infrequent: leukopenia. 
lymphadenopathy, leukocytosis, thrombocytopenia, petechia, megaloblastic 
anemia, cyanosis; Rare: purpura, lymphocytosis, eosinophilia, thrombo- 
cythemia, acute ype leukemia, polycythemia, splenomegaly i 

Metabolic and Nutritional System — frequent: peripheral edema, woii 
loss, weight gain; /nfrequent: dehydration, hypokalemia, hypoglycemia, iro 
deficiency anemia, hyperglycemia, gout, hypercholesteremia, Rare. elec- 
trolyte imbalance, cachexia, acidosis, hyperuricemia 

Musculoskeletal System — Frequent: twitching, myalgia, arthralgia: /nfre- 
quent: bone pain, tenosynovitis, myositis, bone sarcoma, arthritis, Rare 
osteoporosis, muscle atrophy, osteomyelitis 

Nervous System —Frequent: dyskinesia, dizziness, hallucinations, confu- 
sion, somnolence, insomnia, dystonia, paresthesia, depression, anxiety, 
tremor, akinesia, extrapyramidal syndrome, abnormal gait, abnormal dreams, 
incoordination, psychosis, personality disorder, nervousness, choreoatheto- 
sis, amnesia, paranoid reaction, abnormal thinking; /nfrequent: akathisia, neu- 
ropathy, neuralgia, hypertonia, delusion, convulsion, libido increased, 
euphoria, emotional lability, libido decreased, vertigo, myoclonus, coma, apa- 
thy, paralysis, neurosis, hyperkinesia, ataxia, acute brain syndrome, torticollis, 
meningitis, manic reaction, hypokinesia, hostility, agitation, hypotonia; Rare 
Stupor, neuritis, intracranial hypertension, hemiplegia, facial paralysis, brain 
edema, myelitis, hallucinations and confusion after abrupt discontinuation 

Respiratory System — Frequent: rhinitis, dyspnea, pneumonia, pharyngitis, 
cough increased; Infrequent: epistaxis, hiccup, sinusitis, bronchitis, voice 
alteration, hemoptysis, asthma, lung edema, pleural effusion, laryngitis, 
emphysema, apnea, hyperventilation; Rare: pneumothorax, lung fibrosis, 
larynx edema, hypoxia, hypoventilation, hemothorax, carcinoma of lung 

kin and Appendages System —Frequent: sweating, rash; Infrequent: skin 
discoloration, pruritus, acne, skin ulcer, alopecia, dry skin, skin Carcinoma, 
seborrhea, hirsutism, herpes simplex, eczema, fungal dermatitis, herpes 
zoster; Aare: vesiculobullous rash, subcutaneous nodule, skin nodule, skin 
benign neoplasm, lichenoid dermatitis 4 

Special Senses System — Frequent: diplopia; Infrequent: otitis media, con- 
junctivitis, tinnitus, deafness, taste perversion, ear pain, eye pain, glaucoma, 
eye hemorrhage, photophobia, visual field defect: Rare: blindness, cataract, 
retinal detachment, retinal vascular disorder 

Urogenital System —Frequent: urinary tract infection, urinary frequency, 
urinary incontinence, hematuria, dysmenorrhea; /nfrequent. dysuria, breast 
pain, menorrhagia, impotence, cystitis, urinary retention, abortion, vaginal 
hemorrhage, vaginitis, priapism, kidney calculus, fibrocystic breast, lactation, 
uterine hemorrhage, urolithiasis, salpingitis, pyuria, metrorrhagia, menopause, 
kidney failure, breast carcinoma, cervical carcinoma; Aare: amenorrhea, blad- 
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D,-Dopamine Receptor Abnormality in Frontal Cortex 
Points to a Functional Alteration of Cortical Cell 
Membranes in Alzheimer’s Disease 


Jacques De Keyser, MD, PhD; Guy Ebinger, MD, PhD; Georges Vauquelin, PhD 


è D,-dopamine receptors and their high- 
agonist affinity (RH) sites were determined 
in postmortem-obtained frontal cortex 
from seven patients with histopathologi- 
cally confirmed Alzheimer’s disease and 
from seven controls matched for sex, age, 
and postmortem delay. Total D,-dopamine 
receptor concentration was unchanged in 
patients with Alzheimer’s disease com- 
pared with controls, but the RH sites were 
significantly reduced in number. Since the 
RH sites are thought to represent a con- 
formational change of the receptors, in- 
duced by the interaction of agonist-bound 
receptor with a signal transduction protein 
located in the cell membrane, the reduced 
ratio of RH sites to total receptors sug- 
gests a functional alteration of cortical cell 
membranes in Alzheimer’s disease. Such a 
cell membrane abnormality might explain 
why substitution therapy in Alzheimer’s 
disease has been largely disappointing. 

(Arch Neurol. 1990;47:761-763) 


[)opamine receptors are divided into 
two major types, termed D, and 
D.'? The dopamine receptors in hu- 
man frontal cortex belong mainly, if 
not exclusively, to the D, type.** It has 
been shown that D,-receptors exist 
under high-(RH) and low-affinity (RL) 
sites for dopamine and agonists.’*° 
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The significance of the RH and RL 
sites has been studied in detail for the 
6-adrenergic receptor.’* Whereas an- 
tagonists simply occupy the receptor, 
binding of an agonist to the 8-receptor 
forms a complex that can interact with 
a signal transduction protein, the 
stimulatory guanine nucleotide bind- 
ing protein Gs, located in the cell 
membrane. The formation of this ter- 
nary complex (agonist-receptor-Gs) 
induces a conformational change of 
the receptor so that it adapts high af- 
finity for the agonist (RH sites). It is 
the formation of this complex that is 
responsible for the activation of the 
enzyme adenylate cyclase. Those re- 
ceptors that do not undergo coupling to 
Gs display only low affinity for ago- 
nists (RL sites).’* From these data, it is 
reasonable to assume that the RH sites 
represent the physiologically relevant 
receptors. 

The nature of the signal transduc- 
tion protein involved in the formation 
of the RH sites of the D,-receptors in 
human frontal cortex is at present un- 
certain. The inability of guanosine 
triphosphate to convert RH sites into 
RL sites suggests that it is not a gua- 
nine nucleotide binding protein.® Be- 
cause a number of studies in animals” 
and in humans'! have suggested that 
the mesocortical dopaminergic projec- 
tion may play a role in cognitive func- 
tions, we studied the D,-receptors and 
their RH sites in frontal cortex in Alz- 
heimer’s disease (AD). 


MATERIALS AND METHODS 


Samples of frozen frontal cortex (area 9) 
from seven patients with neuropathologi- 


cally confirmed AD (three women and four 
men; mean age, 60 + 7 years) and from 
seven neurologically normal controls (three 
women and four men; mean age, 62 + 6 
years) were obtained at autopsy and stored 
at —80°C until analysis. Postmortem inter- 
vals were as follows: patients with AD, 
11 + 2 hours; controls, 13 + 2 hours. The 
causes of death in the patients with AD 
were bronchopneumonia (four patients), 
myocardial infarction (one patient), con- 
gestive heart failure (one patient), and car- 
diac arrest (one patient). In the control pa- 
tients, the causes of death were broncho- 
pneumonia (three patients), myocardial 
infarction (two patients), cardiac arrest 
(one patient), ruptured aoartic aneurysm 
(one patient), and pulmonary emboli (one 
patient). Suspected disease duration on 
clinical grounds was8 + 2 years (range, 6 to 
12 years). None of the controls or patients 
with AD had received dopamine agonists or 
antipsychotics. 

The tissue samples were homogenized in 
20 mmol/L of TRIS-hydrochloride (pH, 
7.4), 120 mmol/L of sodium chloride, and 2 
mmol/L of magnesium chloride (TRIS 
buffer) with a homogenizer (Potter-Elve- 
hjem). The homogenates were centrifuged 
in a centrifuge (Sorvall) at 30000 g for 20 
minutes. The membranes were washed 
twice with repeated centrifugations at 
30000 g for 15 minutes. The supernatant 
was discarded, and the pellet was resus- 
pended in the same buffer containing 10% 
glycerol (volume per volume) and stored in 
liquid nitrogen until use. Protein concen- 
trations were determined by the method of 
Lowry et al.'? 

Binding assays with tritiated SCH 23390 
((+)-R-8-chloro-2,3,4,5-tetrahydro-3-meth- 
yl-5-phenyl-1H-benzazepine-7-ol; 85 Ci/ 
mmol; New England Nuclear, Boston, Mass) 
were performed as previously described,‘ 
with the modification that spiperone (100 
nmol/L) instead of mianserin hydrochlo- 
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Fig 1.—Comparison of the total D,-receptor 
concentration in frontal cortex between con- 
trols (open bar) and patients with Alzheimer's 
disease (striped bar). Values are expressed as 
means + SD. 


ride was included to the assays to mask 
binding of tritiated SCH 23390 to 5-HT, 
receptors. In saturation binding experi- 
ments, the tritiated SCH 23390 concentra- 
tion ranged between 0.3 and 6 mmol/L, and 
2 nmol/L was used for competition binding 
experiments with dopamine (carried out in 
the presence of 10 umol/L of pargyline hy- 
drochloride). 

Specific binding was calculated by sub- 
tracting nonspecific binding, obtained in 
the presence of 10 wmol/L butaclamol hy- 
drochloride, from total binding. Bma values 
(equivalent to receptor density; expressed 
as femtomoles of tritiated SCH 23390 bound 
per milligram of protein) and K, values 
(equilibrium dissociation constant of triti- 
ated SCH 23390) were calculated by linear 
regression analysis of the Scatchard plots. 
The percentages of the high- (RH) and low- 
affinity (RL) sites for dopamine, and their 
respective K; values (K,, and K,), were ob- 
tained from computer-assisted curve fit- 
ting as described by Minneman et al.'* For 
each subject, the concentration of RH sites 
was calculated by multiplying the percent- 
age obtained from the dopamine competi- 
tion experiments with the B,,,, value. 


RESULTS 


Total D,-dopamine receptor concen- 
trations (B,,,, values) in the frontal 
cortex were not significantly different 
between the AD and the control groups 
(Fig 1). 

Representative dopamine/tritiated 
SCH 23390 competition curves in fron- 
tal cortex membranes from a normal 
subject and from a patient with AD are 
shown in Fig 2. The curves are shallow 
and computer fitted best to a two-site 
model. The first part of the curve dis- 
plays high affinity (RH site) and the 
second part low affinity (RL site) for 
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Fig 2.—Dopamine competition for the tritiated 
SCH 23390 binding in human frontal cortex 
membranes. Representative curves from a 
control (solid circle) and from patient with 
Alzheimer’s disease (AD) (open circle) are 
shown. The curves are computer fitted to a 
two-site model, distinguishing a site with high- 
agonist affinity (RH) and a site with low-agonist 
affinity (RL). Control: RH, 21%; Ku, 56 nmol/L; 
RL, 79%; and K,, 9 uwmol/L. Patient with AD: 
RH, 11%; Ky, 60 nmol/L; RL, 89%; and K,, 10 
pmol/L. 


dopamine. The percentage of RH sites 
is less in the patient with AD than in 
the control. The amount of RH sites 
was reduced in all patients with AD 
compared with the controls (P < .01; 
Mann-Whitney U Test); the data are 
summarized in Fig 3. 

The values for tritiated SCH 23390 
binding, and the Ky and K, values for 
dopamine binding, were similar in con- 
trols and patients with AD (data not 
shown). 


COMMENT 


It has been clearly demonstrated for 
the G-adrenergic receptor that changes 
in the phospholipid composition of the 
cell membrane greatly affect coupling 
of the receptor with its membrane 
transducer protein Gs. The coupling is 
inhibited by detergent and can be 
brought about again in reconstitution 
experiments with combinations of 
phospholipids.’ Since the RH sites of 
the D,-receptors are also likely to rep- 
resent those receptors that have un- 
dergone coupling to a membrane 
transducer protein,’ our findings of a 
reduced ratio of RH sites to total 
D,-receptors suggest the existence of 
an alteration in the composition of the 
cell membrane in AD. 

This hypothesis is particularly at- 
tractive, since an abnormality in phos- 
pholipid metabolism has been demon- 
strated by phosphorus 31-nuclear 
magnetic resonance imaging studies 
on postmortem-obtained AD brain tis- 
sue extracts.'’ In addition, fluores- 
cence spectroscopy experiments with 
lipophilic membrane probes have pro- 
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Fig 3.—Comparison of the concentrations of 
the high-agonist affinity (RH) sites in frontal 
cortex membranes between controls (open 
bar) and patients with Alzheimer’s disease 
(striped bar). Values are expressed as 
means + SD. Asterisk indicates P< .01 
(Mann-Whitney U Test). 


vided evidence for a biophysical alter- 
ation in the superficial regions of AD 
hippocampal cell membranes."* Inter- 
estingly, there have also been reports 
of cell membrane abnormalities in the 
platelets and red blood cells of patients 
with A D.”!! Our finding may represent 
a first functional correlate of this cell 
membrane abnormality in the brain of 
patients with AD. 

Our results may have two important 
implications. First, they suggest that 
the mesocortical dopaminergic system 
is also affected in AD. Since this neu- 
rotransmitter system seems to play a 
role in cognition,’ its dysfunction 
may contribute to the symptomatology 
of AD. Second, we have drawn atten- 
tion to a novel kind of neurochemical 
abnormality in AD; ie, although not 
reduced in number, neurotransmitter 
receptors may be functionally defec- 
tive, presumably due to an alteration 
in the composition of the neuronal cell 
membrane. The most striking trans- 
mitter change in AD is a cholinergic 
deficit. The finding that the concentra- 
tions of the postsynaptic M,-muscar- 
inic receptors remain largely un- 
changed in AD'”° has encouraged 
several investigators to attempt en- 
hancing cholinergic activity with 
drugs that increase acetylcholine syn- 
thesis and release, with drugs blocking 
its enzymatic degradation, and with 
directly acting muscarinic agonists.” 
However, an abnormality of the neu- 
ronal cell membrane, hindering the 
M,-receptors to couple with their cel- 
lular effector system, ie, stimulation of 
the phosphatidylinositol turnover,” 
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might explain why these forms of 
treatment only provoke modest or no 
cognitive improvements in patients 
with AD. This hypothesis cannot be 
tested with radioligand binding stud- 
ies, because agonist competition ex- 
periments fail to demonstrate high- 
and low-agonist affinity sites of the 
M,-receptor.” This view has to be elu- 
cidated by experiments that directly 
measure phosphatidylinositol turn- 
over. 
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Acceleration-Induced Loss of Consciousness 


A Review of 500 Episodes 


James E. Whinnery, PhD, MD, Angela M. Whinnery, BSN 


@ Unconsciousness resulting from ex- 
posure to increased levels of head-to-foot 
(+G,) acceleration stress (501 uncon- 
sciousness episodes) on a centrifuge in 
asymptomatic, healthy human subjects 
was investigated. A method for quantita- 
tively measuring the kinetics of the uncon- 
sciousness and associated phenomenon 
was developed. In addition, a theoretical 
framework for describing the central ner- 
vous system (CNS) alteration resulting 
from acute reduction of blood flow was 
formulated to allow a method for defining 
unconsciousness phenomenon. The 
length of unconsciousness and the asso- 
ciated incapacitation was found to be de- 
pendent on the magnitude of the CNS 
insult resulting from reduced blood flow. 
The magnitude of the insult was deter- 
mined by the onset and offset rates of the 
+G,-stress and the length of time at in- 
creased +G,. The incapacitation resulting 
from +G,-stress included 11.9 seconds of 
absolute incapacitation (unconscious- 
ness) and 16 seconds of relative incapac- 
itation (confusion/disorientation) for 28 
seconds of total incapacitation (period of 
time for lack of purposeful movement). 
Myoclonic convulsions were observed in 
approximately 70% of the unconscious- 
ness episodes. The convulsions lasted 4 
seconds and occurred following the return 


Although much interest and effort 

has been devoted toward under- 
standing unconsciousness, very little 
actual human research has been ac- 
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of CNS blood flow. The convulsions oc- 
curred after 8 seconds of unconscious- 
ness and ended coincident with the return 
of consciousness. They occurred when 
the CNS insult was of greater magnitude. 
Memorable dreams occurred and were 
considered to occur during the terminal 
portion of the convulsion period. The 
dreams occurred with exposures having 
longer unconsciousness. The length of 
unconsciousness and incapacitation was 
affected by the wearing of an anti-G suit, 
with unconsciousness and incapacitation 
being reduced if the suit were worn. Per- 
formance of an anti-G straining maneuver 
resulted in an increased length of incapac- 
itation by allowing the subject to get to 
higher levels of +G,-stress and to sustain 
a greater amount of acceleration expo- 
sure. The results of this 11-year study of 
human unconsciousness provide a quanti- 
tative kinetic description of the phenome- 
non in healthy humans that is completely 
documented on videotape. These results 
should be of interest to neuropsychophys- 
iologists investigating unconsciousness, 
convulsive activity, and dream phenome- 
non. They also provide the basis for future 
research aimed at solving +G,-induced 
loss-of-consciousness problems in fight- 
er-aircraft aviation. 
(Arch Neurol. 1990;47:764-776) 


complished in investigating the actual 
kinetics of loss of consciousness (LOC) 
and its associated phenomena. Quali- 
tative description of unconsciousness 
induced by various techniques has pro- 
vided a detailed understanding of the 
various psychophysiologic events that 
are related to LOC.' Much of this 
research was performed prior to the 
routine ability to record the entire 
LOC episode. Detailed and accurate 
establishment of the time course of 


LOC and associated events is difficult 
without a full video recording of the 
episode. In addition, specific research 
groups had different positions of in- 
terest for the investigation of LOC. 
The majority of the research has been 
associated with various medical as- 
pects of LOC, in which the time course 
of acute recovery was of relatively lit- 
tle applied importance. 

In aerospace medicine, any reason 
for sudden incapacitation is of extreme 
concern because of the critical nature 
of the environment in which the per- 
sonnel (aircrew) perform duties. Any 
alteration in consciousness, even for a 
few seconds, may be a threat to life, 
matériel, and mission accomplish- 
ment. Prevention of LOC, of any ori- 
gin, and minimization of the length of 
time of recovery, should LOC occur, is 
a dual goal of aerospace medicine and 
physiology. A detailed kinetic descrip- 
tion of LOC is of vital importance to 
achieve these goals. 

Aircrew flying high-performance 
fighter aircraft are exposed to severe 
environmental stresses. A unique 
stress encountered in fighter-aircraft 
combat flight is head-to-foot (+G,) ac- 
celeration force. The physiologic result 
of +G,-stress is a resulting displace- 
ment of blood away from the central 
nervous system (CNS) toward pooling 
areas in the abdomen and extremities. 
The acute reduction of blood flow to the 
CNS results in an ever-present risk of 
+G,-induced LOC (G-LOC), as long as 
the heart remains lower than the CNS 
within the +G,-field. An accurate qual- 
itative description of G-LOC and the 
associated psychophysiologic events 
has been reported previously.?* Based 
on 11 years of compiling G-LOC epi- 
sodes on videotape, it is now possible to 
quantitatively describe the kinetics of 
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Fig 1.—Experimental +G, and time measurements. +G, indicates head-to-foot acceleration force; BASEGO, base +G, at on- 
set of exposure; TONG, time for onset of +G,-stress; TGMAX, time for onset of maximum g; GMAX, maximum +G,-level at- 
tained; TLOC, time of onset of unconsciousness; TOG, time at offset of unconsciousness; GCONV, +G,-level at onset of con- 
vulsions; G-LOC, +G,-induced loss of consciousness; TONCON, time of onset of convulsions; TONBG, time for reaching final 
base +G,; TOL, time for extinguishing warning light; TOS, time for extinguishing warning tone; TE CONV, time when convul- 


sions stop; and BASEGF, base +G, at completion of exposure. 


G-LOC. Since all G-LOC episodes oc- 
curred in healthy, asymptomatic men, 
the results provide detailed informa- 
tion on the normal response of the CNS 
to acute reduction of blood flow. This 
information should enhance the un- 
derstanding of the basic mechanisms 
associated with unconsciousness and 
subsequent recovery. 


SUBJECTS AND METHODS 


In 1977, a centrifuge data repository was 
established to document the physiologic re- 
sponse, tolerance, and symptoms of human 
exposure to +G,-stress.‘ As a part of this 
data repository, a videotape library of all 
episodes of G-LOC was archived for future 
evaluation of G-LOC phenomena. During 
the period from 1977 through 1987, over 500 
episodes of G-LOC were entered into the 
videotape library. This study represents a 
review of 501 episodes of G-LOC taken from 
the videotape library of the centrifuge re- 
pository. Although increasing sophistica- 
tion has been employed in the techniques 
used for monitoring G-LOC over the 11- 
year period, the centrifuge exposures that 
produced the unconsciousness episodes in 
themselves remained essentially consistent 
over the entire period. 

The subjects who experienced G-LOC 
consisted of experimental volunteer sub- 
jects, students in the various disciplines of 
aerospace medicine, and aircrewmen. All 
subjects included in the study were asymp- 
tomatic and had successfully completed a 
US Air Force class II physical examination 
for flying or its equivalent. No subjects with 
known hemodynamically significant car- 
diac-rate or rhythm disturbances induced 
during +G,-stress were included in the 
study. Significant cardiac dysrhythmias 
such as ventricular tachycardia, marked 
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Measurement 

+G,-units 
TONG Clock time (min:s) 
TGMAX Clock time 
GMAX +G,-units 
TOG Clock time 
TLOC Clock time 
G-LOC +G,-units 
TONCON Clock time 
GCONV +G,-units 
TONBG Clock time 
TECONV Clock time 
TROC Clock time 

+G,-units 

Clock time 

Clock time 


Time for onset of +G,-stress 
Time for onset of maximum +G, 
Maximum +G,-level attained 

Time at offset of +G,-stress 

Time of onset of unconsciousness 
+G,-level at onset of unconsciousness 
Time of onset of convulsions 
+G,-level at onset of convulsions 
Time of reaching final base +G, 
Time when convulsions stop 

Time when consciousness returns 


Time for extinguishing warning tone 





* +G, indicates head-to-foot acceleration force; G-LOC, +G,-induced loss of consciousness. 


bradycardia, and asystolic episodes do oc- 
cur in association with +G, exposure. Indi- 
viduals with these types of cardiac-rhythm 
disturbances were specifically excluded 
from inclusion in this study. Although an 
oceasional subject suffered more than one 
episode of G-LOC, for the most part all of 
the 501 G-LOC episodes were from different 
individuals (476 subjects and 501 episodes 
of G-LOC). Acceleration research and 
training that constantly approach maxi- 
mum human tolerance limits result in oc- 
casional G-LOC. Limited research has been 
accomplished where deliberate G-LOC was 
required to answer the problems in opera- 
tional flight. With rare exception, the 
G-LOC episodes reported here were from 
on-going research and training being per- 
formed on the centrifuge. The G-LOC epi- 
sodes were, therefore, unexpected and rep- 


resent a wide range of exposure conditions. 
Unfortunately, all that was routinely avail- 
able for the G-LOC episodes were minimal 
physiologic data. 

The methods used in characterizing 
G-LOC have been described.* The G-LOC 
events were timed using a stopwatch and 
the digital-clock reading (in minutes and 
seconds) that existed on the videotape re- 
cording. A continuous digital display of the 
instantaneous +G,-level on the videotape 
was used to record the +G,-related data. All 
measurements were made independently 
by the two investigators. In all cases where 
the measurements differed by more than 1 
second, the measurements were rechecked 
until agreement varied by no more than 1 
second. The onset of unconsciousness and 
return of consciousness were determined 
subjectively from reviewing the videotape. 
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Fig 2.—Acceleration exposure and description. +G, indicates head-to-foot acceleration force; BASEGO, base +G, at onset 
of exposure; TONG, time for onset of +G,-stress; ONRATE, average +G,-onset rate of exposure; TGMAX, time for onset of 
+G,-stress; TAG, time spent at maximum acceleration (due to g force); GMAX, maximum +G,-level attained; LOCINDTI, length 
of time to induce unconsciousness; TOG, time at offset of unconsciousness; TLOC, time of onset of unconsciousness; 
OFFRATE, average +G,-offset rate of exposure; and BASEGF, base +G, at completion of exposure. 


Table 2.—Acceleration Exposure Data* 


Units of 
Measurement 


neous maximum +G,-onset rates achieved 
on the rapid-onset exposures. 

Other exposure variables were also re- 
corded. Included was whether the subject 
was relaxed or performed a protective 
straining maneuver during the exposure. 
These straining maneuvers, which included 
a 3- to 5-second rapid Valsalva-like respi- 
ratory maneuver concurrent with tensing 
the skeletal musculature, are performed to 
enhance tolerance to +G,-stress.’ Wear or 
absence of an inflated anti-G suit and 





Parameter 
BASEGO 
ONRATE 





Description 
Base +G, at onset of exposure 


Average +G,-onset rate of exposure; ONRATE = 
(GMAX — BASEGO)/(TGMAX — TONG) 


Maximum +G,-level of exposure 

Time spent at maximum g, TAG = TOG — TGMAX 
Total area under g X Time exposure curvet 
+G,-level at onset of unconsciousness 











A 






ors 
G-LOC 











LOCINDTI Length of time to induce unconsciousness; whether the subject had a memorable 
LOCINDTI = TLOC — TONG dream were also recorded. Collection of 
OFFRATE gis Average +G,-offset rate of exposure; OFFRATE dream events was not initiated in the ear- 






= (GMAX — BASEF)/(TONBG — TOG) 


* +G, indicates head-to-foot acceleration force; T@MAX, time for onset of maximum +G,; TONG, time for on- 
set of +G,-stress; TOG, time at offset of unconsciousness; TLOC, time of onset of unconsciousness; BASEF, 


lier years of G-LOC recording; therefore, 
information was limited. With respect to 
the use of visual- and auditory-warning de- 





base +G, at completion of exposure; and TONBG, time of reaching final base +G,,. 


tSee Table 5 for calculation. 


The return of purposeful movement follow- 
ing G-LOC was measured using an aircraft- 
master-caution light (either continuous or 
flashing at 0.5 Hz) and an auditory tone 
(2900 Hz; sound level, 80 dB). Both visual- 
and auditory-warning devices were initi- 
ated immediately on recognition of the on- 
set of G-LOC and subsequently extin- 
guished by the subjects as soon as possible 
on recovery from G-LOC. All subjects were 
thoroughly briefed on these procedures 
prior to +G,-exposure, including the meth- 
ods to manually disenable the warning de- 
vices. 

A measurement profile was developed, 
based on the experimental exposure condi- 
tions and the symptoms related to G-LOC. 
This measurement profile is shown sche- 
matically in Fig 1, with the definition of 
each parameter provided in Table 1. Based 
on these experimental measurements, the 
important aspects of G-LOC are available 
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or can be calculated. The G-LOC parame- 
ters, both measured and calculated, fall into 
three descriptive categories: +G,-exposure, 
incapacitation, and myoclonic convulsion. 
The +G,-acceleration-exposure description 
is shown in Fig 2, with the parameters de- 
fined in Table 2. The incapacitation descrip- 
tion is shown in Fig 3 with the parameters 
defined in Table 3. The myoclonic convul- 
sion description is also shown in Fig 3 with 
the parameters defined in Table 4. The ac- 
celeration exposure, as a function of time, 
that induced G-LOC is deseribed in Fig 4 
and defined in Table 5. 

The onset (and offset) data represent the 
calculated values based on the average rate 
of +G,-onset between the initial +G,-level 
at the beginning of the exposure and the 
maximum +G,-level of the exposure (a 
similar assumption is made for the average 
offset rate). The data, therefore, are only 
relative and may not reflect the instanta- 


vices used to measure incapacitation, the 
presence or absence of external interaction 
with the subject was documented. External 
interaction was considered present if voice 
communication of any kind was initiated 
with the subject prior to his spontaneous 
disengagement of either warning device. 

All subjects were exposed to +G,-stress 
in a sitting position. The seat configuration 
was upright with either a 15- or 30-degree 
tilt-back from vertical. The subjects were 
held in this position, throughout the +G,- 
exposure (and G-LOC episode) and subse- 
quent recovery, with a lap-shoulder har- 
ness. 

Mean, maximum, minimum, and + SD 
values were calculated for the G-LOC pa- 
rameters. Analysis of variance and Stu- 
dent’s t tests were used to compare the var- 
ious data sets, where appropriate. 


RESULTS 
Total Group Characteristics 


The mean, maximum, minimum, 
and + SD values for acceleration ex- 
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Fig 3.—Incapacitation and convulsion description. +G, indicates head-to-foot acceleration force; BASEGO, base +G, at on- 
set of exposure; GMAX, maximum +G,-level attained; TLOC, time of onset of unconsciousness; TOG, time at offset of un- 
consciousness; LOC-CONV, time from loss of consciousness to onset of convulsions (convulsion-free period); TOG-CONV; 
time from offset of +G,-stress to onset of convulsions; GCONV, +G,-level at onset of convulsions; ABSINCAP, absolute in- 
capacitation period; TOTINCAP, total incapacitation period; CONV-ROC, time from onset of convulsions to return of 
consciousness (convulsion-prone period); CONV-PER, length of time convulsions lasted; CONROC, difference in time from end 
of convulsions to return of consciousness; TROC, time when consciousness returns; TECONV, time when convulsions stop; 
BASEGF, base +G, at completion of exposure; TOL, time for extinguishing warning light; TOS, time for extinguishing warning 
tone; and RELINCAP, relative incapacitation period. 


posure, incapacitation, and myoclonic 
convulsion for the all of the 501 G-LOC 
episodes are given in Tables 6 through 
8. These tables summarize the charac- 
teristics of the entire G-LOC group. In 
spite of the marked differences in ex- 
posure conditions, a very significant 
correlation between various parame- 
ters was found when considering the 
data for the entire study group, as 
shown in Table 9. Onset rate and offset 
rate were significantly negatively cor- 
related with G-LOC incapacitation, in- 
dicating that the slower the induction 
of G-LOC, and the slower the reduction 
of the +G,-stress, the longer the inca- 
pacitation that results. This aspect of 
increased length of incapacitation was 
also observed with increased length of 
exposure to +G,, as evidenced by the 
significant positive correlation of the 
total +G,-exposure time, the total 
+G,-seconds to onset of G-LOC and 
onset of convulsions, and the time to 
induce unconsciousness with G-LOC- 
incapacitation times. The longer the 
exposure to +G,, with its prolonged 
reduction in CNS blood flow, the 
greater the physiologic insult with re- 
sulting increased time for subsequent 
recovery. 


Variations in the Rate of +G,-Onset 


Because of the differences in expo- 
sure conditions, further evaluation of 
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Table 3.—Incapacitation Data * 


Unit of 
Parameter Measurement 


ABSINCAP s 


Description 


Absolute incapacitation period (unconsciousness); 


ABSINCAP = TROC — TLOC 


RELINCAP-L 


Relative incapacitation period (confusion/ disorientation) (as 


measured to extinguish warning light); RELINCAP-L = 
TOL — TROC 


RELINCAP-S 


Relative incapacitation period (as measured to extinguish 


warning tone); RELINCAP-S = TOS — TROC 


TOTINCAP-L 


Total incapacitation period (as measured to extinguish 


warning light); TOTINCAP-L = TOL — TLOC 


TOTINCAP-S 


Total incapacitation period (as measured to extinguish 


warning tone); TOTINCAP-S = TOS — TLOC 


* TROC indicates time when consciousness returns; TLOC, time of onset of unconsciousness; TOL, time for 
extinguishing warning light; and TOS, time for extinguishing warning tone. 


the effect of onset rate on G-LOC inca- 
pacitation was accomplished. The en- 
tire group was separated into sub- 
groups based on the available ranges 
of +G,-onset rates. Since the +G,- 
exposures did not consist of a continu- 
ous spectrum of onset rates, arbitrary 
ranges based on the distribution fre- 
quency of available data were de- 
veloped. Very-gradual-onset rates 
(VGOR) were considered as onsets be- 
tween 0.060 and 0.083 g/s, gradual-on- 
set rates (GROR) were considered as 
onsets between 0.084 and 0.583 g/s, 
rapid-onset rates (RROR) were consid- 
ered as onsets between 0.60 and 1.75 
g/s, intermediately-high-onset rates 





(IHOR) were considered as onsets be- 
tween 1.90 and 2.67 g/s, and very- 
high-onset rates (VHOR) were consid- 
ered as onsets between 2.80 and 7.60 
g/s. Separation into these various on- 
set ranges resulted in the incapacita- 
tion parameters shown in Table 10. 
The absolute incapacitation period 
showed considerable variation based 
on the separation of the data into on- 
set-range subgroups. The total inca- 
pacitation period was consistently 
longer for rates of more gradual onset. 
The most likely reason for the shorter 
absolute incapacitation for the VGOR 
subgroup is related to the extremely 
gradual onset allowing early recogni- 
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Unit of 


Parameter Measurement 


LOC-CONV 





TOG-CONV S 


CONV-PER s 


CONV-ROC 






CONROC s 


Table 4.—Myoclonic Convulsion Description * 


GCONV +G,-level at onset of convulsions 


Time from loss of consciousness to onset of convulsions 
(convulsion-free period); LOC-CONV = TONCON — TLOC 


Time from offset of +G,-stress to onset of convulsions; 
TOG-CONV = TONCON — TOG 
Length of time convulsions lasted; CONV-PER 
= TECONV — TONCON 
Time from onset of convulsions to return of consciousness 
(convulsion-prone period); CONV-ROC = TROC — TONCON 


Difference in time from end of convulsions to return of 
consciousness; CONROC = TROC — TONCON 





Description 




















* +G, indicates head-to-foot acceleration force; TONCON, time of onset of convulsions; TLOC, time of onset 
of unconsciousness; TOG, time at offset of unconsciousness; TECONV, time when convulsions stop; and TROC, 


time when consciousness returns. 





Unit of 


Parameter Measurement 













CONV-AREA 


Table 5.—G-LOC Acceleration—Time Exposure Description * 


Integrated area under g X Time exposure curve; 
TOTGS = [(GMAX — 1) (TGMAX — TONG)]/2 + (GMAX — 1) 
X (TOG — TGMAX) + [(GMAX — 1) (TONBG — TOG)]/2 


Integrated area under g X Time exposure curve until onset of 
convulsions; CONV-AREA = [(GMAX-1) (TGMAX — TONG)]/2 
+ (GMAX — 1) (TOG — TGMAX) + 
[((GMAX — 1) (TONBG — TOG)]/2 

— [(GCONV — 1) (TONBG — TONCON))]/2 

Integrated area under the g X Time exposure curve until onset 
of unconsciousness; LOC-AREA = [(GMAX — 1) 

X (TGMAX — TONG)]/2 + (GMAX — 1) (TOG — TGMAX) 





Description 





















*+G, indicates head-to-foot acceleration force; G-LOC, +G,-induced loss of consciousness; GMAX, maxi- 
mum +G,-level attained; TGMAX, time for onset of +G,-stress; TONG, time for onset of +G,-stress; TOG, time 
at offset of +G,-stress; TONBG, time for reaching final base +G,; GCONV, +G,-level at onset of convulsions; 


and TONCON, time of onset of convulsions. 


Table 6.—Acceleration Exposure Results for the Entire G-LOC Study Group * 


Value —— — OFFRATE — Tores LOCINDTI 


Mean 

Maximum 1.7 

Minimum 1.0 0.06 2.5 

+S$D 0.2 1.6 

N 501 482 501 501 


43.1 
7.9 106.0 
0.1 1.0 2.0 
132 35.7 

491 501 482 482 





* +G, indicates head-to-foot acceleration force; BASEGO, base +G, at onset of exposure; ONRATE, aver- 
age +G,-onset rate of exposure; GMAX, maximum +G,-level attained; G-LOC, +G,-induced loss of conscious- 
ness; OFFRATE, average +G,-offset rate of exposure; BASEGF, base +G, at completion of exposure; TOTGS, 
total area under g X Time exposure curve; and LOCINDTI, length of time to induce unconsciousness. 


tion of the onset of unconsciousness 
and reduction of the +G,-stress. Over- 
all, this would serve to offset the pro- 
longed decrease in CNS blood flow that 
is characteristic of gradual-onset ex- 
posure in general. In addition, the 
mean maximum +G,-exposure level 
(GMAX) was less for the VGOR expo- 
sures (+6.3 G,) as compared with the 
GROR exposures (+7.7 G,); the mean 
+G,-offset rate for the VGOR expo- 
sures (0.83 g/s) was greater than it was 
for the GROR exposures (0.60 g/s). 
These two factors would also serve to 
reduce the physiologic insult for the 
VGOR exposure as compared with the 
GROR exposures. Since these kind of 
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complicating factors were present, the 
remainder of the analyses were per- 
formed separating the data into only 
gradual-onset (rate) (GOR) and rapid- 
onset (rate) (ROR) data, GOR being 
less than 0.6 g/s, and ROR being 
greater than 0.6 g/s. 


Myoclonic Convulsions 


Considering all G-LOC episodes, 
70% of subjects had associated myo- 
clonic convulsive episodes. These were 
generally characterized by abrupt 
clonic flail movements of the upper and 
lower extremities and head. Close in- 
spection of the hand and facial muscles 
also revealed clonic contractions of the 


smaller muscle groups. For the G-LOC 
episodes resulting from GOR expo- 
sures, 70% of subjects had associated 
myoclonic convulsive episodes, com- 
pared with 72% for ROR exposures. 
Table 11 compares the incapacitation 
resulting from G-LOC with and with- 
out myoclonic convulsions. Episodes of 
G-LOC with myoclonic convulsions re- 
sult in longer incapacitation than do 
episodes without myoclonic convul- 
sions. Episodes of G-LOC with myo- 
clonic convulsions occurring on GOR 
exposure have longer incapacitation 
than do episodes of GOR exposure 
without myoclonic convulsions. The 
same was true for ROR exposure; my- 
oclonic convulsions were associated 
with longer incapacitation. Episodes 
of G-LOC with myoclonic convulsions 
resulting from GOR exposure have 
longer incapacitation than do episodes 
of ROR exposure with myoclonic con- 
vulsions. Finally, episodes of G-LOC 
without myoclonic convulsions result- 
ing from GOR exposure have longer 
incapacitation than do episodes of 
ROR exposure without myoclonic con- 
vulsions. 

To further evaluate the G-LOC epi- 
sodes with myoclonic convulsions, the 
episodes were separated into the epi- 
sodes with the shortest convulsions (1 
second) (N = 11) and the longest con- 
vulsions (8 to 10 seconds) (N = 8). 
Since the myoclonic convulsions were 
very tightly grouped around the mean 
4-second period, few episodes were ei- 
ther extremely short or extremely 
long. Only these small groups were 
available for analysis. The G-LOC 
episodes with longer-lasting convul- 
sions were characterized by increased 
absolute incapacitation and total inca- 
pacitation and rates of more gradual 
onset, as shown in Table 16. 


Effect of the Anti-G Suit 


The episodes of G-LOC associated 
with wearing an anti-G suit were com- 
pared with the G-LOC episodes where 
an anti-G suit was not worn, as shown 
in Table 13. Anti-G suit wear was as- 
sociated with an increased GMAX and 
+G,-level at onset of G-LOC. The onset 
rate associated with anti-G suit wear 
(ONRATE) was much more rapid (2.4 
g/s) than was the ONRATE where an 
anti-G suit was not worn (0.7 g/s). The 
incapacitation associated with G-LOC 
episodes where an anti-G suit was 
worn was decreased compared with 
the G-LOC episodes where the anti-G 
suit was not worn. This demonstrates 
a valuable, but previously undocu- 
mented, facet of the protection pro- 
vided by anti-G suits. 
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Effect of Performing an Anti-G 
Straining Maneuver 


As shown in Table 13, the episodes of 
G-LOC associated with the perfor- 
mance of an anti-G straining maneu- 
ver were compared with the G-LOC 
episodes where the subject was not 
performing the anti-G straining ma- 
neuver (relaxed). Performance of the 
anti-G straining maneuver was asso- 
ciated with an increased GMAX and 
GLOC. The ONRATE was the same; 
however, the LOC-induction time 
(LOCINDTI) and total time of +G,-ex- 
posure (TOTGS) were much longer 
when the anti-G straining maneuver 
was performed. The incapacitation as- 
sociated with G-LOC episodes where 
the anti-G straining maneuver was not 
performed (relaxed) was decreased 
compared with the G-LOC episodes in 
which the maneuver was performed. 
The data do not provide an indication 
that the anti-G straining maneuver 
prolongs unconsciousness or incapaci- 
tation, since the exposure characteris- 
tics were significantly different. 


Characteristics of G-LOC Episodes With 
Associated Dreams 


Although limited data were avail- 
able relative to the presence or absence 
of a dream experience associated with 
the G-LOC episode, the data were an- 
alyzed to determine if dreams were 
associated with any unique G-LOC pa- 
rameters, as shown in Table 14. The 
episodes of G-LOC that had associated 
dreams had increased incapacitation, 
time from offset of +G, to the onset 
of convulsion (TOG-CONYV), length of 
convulsions (CONV-PRN), and de- 
creased +G,-level at the onset of con- 
vulsions (GCONV). Therefore, dreams 
were associated with exposure charac- 
teristics producing a more severe CNS 
insult. 


Effect of Verbal Interaction With the 
Subject During G-LOC Recovery 


Certain G-LOC episodes had inter- 
vention during the recovery period. 
The intervention inadvertently came 
from the central observer of the cen- 
trifuge. It usually resulted from con- 
cern for the subject following return of 
consciousness. The central-observer 
interaction (COI) consisted of verbal 
prompting or questioning of the sub- 
ject prior to a spontaneous response to 
the warning light and/or sound. Of in- 
terest was the evaluation of the expo- 
sure and response parameters associ- 
ated with the G-LOC episodes in which 
COI occurred, as shown in Table 15. 
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Table 7.—Incapacitation Results for the Entire G-LOC Study Group 


Value ABSINCAP RELINCAP-L RELINCAP-S TOTINCAP-L TOTINCAP-S 


Mean : 


Maximum 
Minimum 


+ SD 
N 


* +G, indicates head-to-foot acceleration force; G-LOC, +G,-induced loss of consciousness; ABSINCAP, ab- 
solute incapacitation period (unconsciousness); RELINCAP-L, relative incapacitation period (confusion / disori- 
entation) (as measured to extinguish warning light); RELINCAP-S, relative incapacitation period (as measured 
to extinguish warning tone); TOTINCAP-L, total incapacitation period (as measured to extinguish warning light); 
and TOTINCAP-S, total incapacitation period (as measured to extinguish warning tone). All incapacitation times 
are reported in seconds. 


Table 8.—Myoclonic Convulsion Results for the Entire G-LOC Study Group * 


Value LOC-CONV TOG-CONV CONV-PER CONV-ROC GCONV 


Mean tet 7.5 3.9 1.1 2.3 
Maximum 20.0 23.0 10.0 22.0 9.2 
Minimum 
+SD 
N 













* +G, indicates head-to-foot acceleration force; G-LOC, +G,-induced loss of consciousness; LOC-CONV, time 
from loss of consciousness to onset of convulsions (convulsion-free period); TOG-CONV, time from offset of 
+G,-stress to onset of convulsions; CONV-PER, length of time convulsions lasted; and CONV-ROC, time from 
onset of convulsions to return of consciousness (convulsion-prone period). Kinetic description of myoclonic 
convulsions are given in seconds with +G,-level at onset of convulsions (GCONV) given as acceleration due to 
gravity. 


Table 9.—Correlation of Acceleration Exposure Parameters With Incapacitation for 
Entire G-LOC Study Group * 


ABSINCAP TOTINCAP-L TOTINCAP-S 
po e, ee A, P | 
Parameter r P r P r P 


ONRATE oe <.0001 $3) <.0001 —.30 <.0001 


OFFRATE —.24 <.0001 PPN <.05 Sat. <.05 


TOTGS .45 <.0001 31 <.0001 .34 <.0001 
LOC-AREA 4 <.0001 31 <.0001 34 <.0001 


4 À > 
CONV-AREA 50 <.0001 31 <.0001 .34 <.0001 


LOCINDTI .39 <.0001 .32 <.0001 35 <.0001 


* +G, indicates head-to-foot acceleration force; G-LOC, +G,-induced loss of consciousness; ABSINCAP, ab- 
solute incapacitation period (unconsciousness); TOTINCAP-L, total incapacitation period (as measured to ex- 
tinguish warning light); TOTINCAP-S, total incapacitation period (as measured to extinguish warning tone); 
TOTGS, total area under g X Time exposure curve; LOC-AREA, integrated area under g X Time exposure curve 
until onset of unconsciousness; CONV-AREA, integrated area under g X Time exposure curve until onset of 
convulsions; LOCINDTI, length of time to induce unconsciousness; ONRATE, average +G,-onset rate of expo- 
sure; and OFFRATE, average +G,-offset rate of exposure. 





The incapacitation for the COI epi- Characteristics of the Extremes of 


sodes was increased, essentially be- 
cause of the increased relative inca- 
pacitation. There was little indication 
that anything unique caused these 
subjects to be less responsive to the 
light and/or sound warning. Although 
these subjects may have suffered in- 
creased confusion and disorientation, 
the minimally increased absolute in- 
capacitation and similar exposure 
characteristics did not provide insight 
into a physiologic cause. Myoclonic 
convulsions occurred for 65% of the 
G-LOC episodes that required COI and 
69% of the G-LOC episodes without 
COI. 


G-LOC Incapacitation 


The incapacitation resulting from 
G-LOC was further evaluated by sep- 
arating the data into two extremes, 
based on the upper 10% and lower 10% 
of the entire group based on absolute, 
relative, and total incapacitation. The 
characteristic parameters associated 
with the extremes were then calcu- 
lated, as shown in Tables 16 through 
19. The longest absolute incapacitation 
was associated with a higher GMAX, a 
slower onset rate, a longer +G,-expo- 
sure, and a higher +G,-level at onset of 
G-LOC. The myoclonic convulsions 
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Table 10.—Effect of Variation of +G,-Onset Rate on G-LOC Incapacitation”* 


+G,-Onset Rate Ranges 
Mean 
Parameter IHOR 
ONRATE, g/s 


OFFRATE, g/s 


ABSINCAP, s 
TOTINCAP-L, s 
TOTINCAP-S, s 
N 


* +G, indicates head-to-foot acceleration force; G-LOC, +G,-induced loss of consciousness; ONRATE, av- 
erage +G,-onset rate of exposure; OFFRATE, average +G,-offset rate of exposure; TOTGS, total area under 
g X Time exposure curve; CONV-AREA, integrated area under g X Time exposure curve until onset of convul- 
sions; LOC-AREA, integrated area under g X Time exposure curve until onset of unconsciousness; LOCINDTI, 
length of time to induce unconsciousness; TAG, time spent at maximum g force (due to gravity); ABSINCAP; ab- 
solute incapacitation period (unconsciousness); TOTINCAP-L, total incapacitation period (as measured to ex- 
tinguish warning light); TOTINCAP-S; total incapacitation period (as measured to extinguish warning tone); 
VGOR, very-gradual-onset rates (0.060 to 0.083 g/s); GROR, gradual-onset rates (0.084 to 0.0583 g/s); RROR, 
rapid-onset rates (0.60 and 1.75 g/s); IHOR, intermediately-high-onset rates (1.90 to 2.67 g/s); and VHOR, 
very-high-onset rates (2.80 to 7.60 g/s). 


Table 11.—Relationship of Incapacitation Associated With Onset Rate and Myoclonic 
Convulsions * 


Incapacitation, s 
re ORQROOozvOnN SL 


ABSINCAP RELINCAP-L RELINCAP-S TOTINCAP-L TOTINCAP-S 


Comparison 
Groups 


Total Group 
(+) Convulsions 


(—) Convulsions 


GOR Exposures 
(+) Convulsions 


(—) Convulsions 


ROR Exposures 
(+) Convulsions 


(—) Convulsions 


(+) Convulsions 
GOR 





(—) Convulsions 
GOR 





* GOR indicates gradual-onset rate (<0.6 g/s); ROR, rapid-onset rate (>0.6 g/s); ABSINCAP, absolute in- 
capacitation period (unconsciousness); RELINCAP-L, relative incapacitation period (confusion / disorientation) 
(as measured to extinguish warning light); (unconsciousness); RELINCAP-S, relative incapacitation period (as 
measured to extinguish warning tone); TOTINCAP-L, total incapacitation period (as measured to extinguish 
warning light); TOTINCAP-S, total incapacitation period (as measured to extinguish warning tone); (+) indicates 


Table 12.—Characteristics of G-LOC 
Acceleration Exposures With and 
Without Dream Occurrences * 


Parameter 
ONRATE, g/s 


GMAX, g 
G-LOC, g 


OFFRATE, g/s 
TOTGS, g X s 


TAG, s 
LOCINDTI, s 


ABSINCAP, s 


Dream Occurrence 


p 


Yes 

(N = 87) 

1.1 (1.4) 
7.6 (1.4) 
7.2 (1.5) 
0.7 (0.3) 
212 (139) 
2.6 (3.5) 
48.4 (36.5) 
14.2 (5.6)t 


No 
(N = 16) 
1.4 (1.3) 
7.8 (1.2) 
7.4 (1.4) 
0.7 (0.3) 
172 (118) 
4.5 (4.2) 
35.1 (33.3) 
10.6 (3.7)t 





convulsions present; and (—) convulsions; convulsions absent. 


tP < .0001. 
P < .001. 
§P < .005. 
||P < .05. 


lasted slightly longer, occurred at a 
time more prolonged from the onset of 
G-LOC, and required a longer time 
from the end of the convulsions to the 
return of unconsciousness. When ab- 
solute incapacitation was long, rela- 
tive, and, therefore, total, incapacita- 
tion was also prolonged. The longest 
total incapacitation was associated 
with many of the same characteristics 
of the longest absolute incapacitation. 
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The characteristics of the longest rel- 
ative incapacitation were less differ- 
entiated from the shorter relative in- 
capacitation, probably indicating that 
relative incapacitation is less depen- 
dent on strict physiologic determi- 
nants. 


COMMENT 


A thorough review of the literature 
relating to unconsciousness is diffi- 


RELINCAP-L, s 
RELINCAP-S, s 
TOTINCAP-L, s 
TOTINCAP-S, s 
GCONV, g 

TOG-CONV, g 
CONV-PER, g 4.1 (1.5) 3.8 (0.8) 
CON-ROC, g 1.2 (2.4) 2.1 (2.6) 


* +G, indicates head-to-foot acceleration force; G- 
LOC, +G,-induced loss of consciousness; ONRATE, 
average +G,-onset rate of exposure; GMAX, maxi- 
mum +G,-level attained; OFFRATE, average +G,-off- 
set rate of exposure; TOTGS, total area under 
g X Time exposure curve; TAG, time spent at maxi- 
mum acceleration (due to gravity); LOCINDTI, length 
of time to induce unconsciousness; ABSINCAP, ab- 
solute incapacitation period (unconsciousness); 
RELINCAP-L, relative incapacitation period (confu- 
sion/disorientation) (as measured to extinguish 
warning light); RELINCAP-S, relative incapacitation 
period (as measured to extinguish warning tone); 
TOTINCAP-L, total incapacitation period (as mea- 
sured to extinguish warning light); TOTINCAP-S, total 
incapacitation period (as measured to extinguish 
warning tone); GCONV, +G,-level at onset of convul- 
sions; TOG-CONV, time from offset of +G,-stress to 
onset of convulsions; CONV-PER, length of time con- 
vulsions lasted; CONV-ROC, time from onset of con- 
vulsions to return of consciousness (convulsion- 
prone period); and CON-ROC, difference between 
end of myoclonic convulsions and return of con- 
sciousness. Data in parentheses indicate SDs. 

tP < .002. 

+P < .0001. 


18.0 (13.9) 
18.4 (13.4) 
32.8 (14.8) 
33.0 (14.2) 
2.6 (1.7) 
8.7 (4.4) 


16.9 (10.9) 
17.4 (10.8) 
28.1 (11.8) 
27.9 (12.4) 
3.3 (1.0)ł 
4.7 (2.1) 





cult, since investigation in this area is 
reported in a diverse manner. Uncon- 
sciousness data are reported as faint- 
ing, syncope, acute anoxia, hypoxia, or 
ischemia. Frequently, important in- 
formation is also included in reports 
on fits, seizures, strokes, and acute 
cardiac alterations. Engel’s' 1950 book 
on fainting remains current and is a 
classic. Although an extremely inter- 
esting and important physiologic phe- 
nomenon, clinical research does not 
include unconsciousness as a primary 
medical problem. It is considered a 
symptom of an underlying medical (or 
psychological) problem. Aerospace 
medicine, on the other hand, has to 
deal with a completely healthy air- 
crew, with G-LOC being a primary 
problem for aircrew of fighter aircraft. 


Kinetic Description of G-LOC 


The detailed kinetic sequence of 
G-LOC and associated events required 


Loss of Consciousness—Whinnery & Whinnery 


b 


Table 13.—Effect of Wearing Anti-G 
Suit on G-LOC Parameters * 


Parameter 


ONRATE, g/s 


GMAX, g 


OFFRATE, g/s 


TAG, s 


TOTGS, gX s 


G-LOC, g 
LOCINDTI, s 
ABSINCAP, s 


RELINCAP-L, s 
RELINCAP-S, s 


Anti-G Suit 


Ee 


Yes 
(N = 175) 


2.4 (1.4)t 
8.1 (1.3)t 
1.0 (0.3)t 
6.4 (4.6)t 
99 (49)t 
7.9 (1.4)t 
13.2 (14.4)t 
10.3 (3.5)t 
13.9 (12.6) 
14.8 (12.3) 


No 
(N = 326) 
0.7 (1.24)t 
7.4 (1.4)t 
0.7 (.05)t 
1.9 (3.4)t 
239 (136)t 
6.8 (1.7)t 
58.3 (33.6)t 
12.8 (5.5)t 
16.1 (12.9) 
16.9 (12.5) 


Table 14.—Effect of Anti-G Straining 
Maneuver on G-LOC Parameters * 


Parameter 


ONRATE, g/s 


GMAX, g 


OFFRATE, g/s 
TOTGS, gXs 


TAG, s 
G-LOC, g 
LOCINDTI, s 
ABSINCAP, s 


RELINCAP-L, s 
RELINCAP-S, s 


Yes 
(N = 449) 


1.3 (1.6) 
7.8 (1.3)t 
0.8 (0.5) 
206 (132)t 
3.2 (4.5)t 
7.4 (1.6)t 
46.1 (36.0)t 
12.2 (5.1)4 
15.7 (12.9)§ 
17.1 (12.6)t 


Anti-G Straining Maneuver 
—_—_—_2....? Vw ee 


No 

(N = 51) 
1.3 (1.1) 
5.9 (1.3)t 
0.8 (0.3) 
71 (45)t 
5.0 (2.6)t 
56.7 (1.5)f 
17.7 (20.5)t 
10.3 (3.8)+ 
8.3 (7.9)§ 
6.1 (4.0)t 





TOTINCAP-L, s 24.8 (12.9)+ 
TOTINCAP-S, s 25.6 (12.5)+ 
GCONV, g 3.3 (1.8) 
LOC-CONV, s 6.3 (2.6)t 
CONV-PER, s 3.9 (1.3) 3.9 (1.7) 
CONROC, s 0.7 (1.6)§ 1.2 (2.6)§ 


*+G, indicates head-to-foot acceleration force; 
ONRATE, average +G,-onset rate of exposure; 
GMAX, maximum +G,-level attained; OFFRATE, av- 
erage +G,-offset rate of exposure; TAG, time spent at 
maximum acceleration (due to gravity); TOTGS, total 
area under g X Time exposure curve; G-LOC, +G,- 
induced loss of consciousness; LOCINDTI, length of 
time to induce unconsciousness; ABSINCAP, abso- 
lute incapacitation period (unconsciousness); RELIN- 
CAP-L, relative incapacitation period (confusion/ dis- 
orientation) (as measured to extinguish warning light); 
RELINCAP-S, relative incapacitation period (as mea- 
sured to extinguish warning tone); TOTINCAP-L, total 
incapacitation period (as measured to extinguish 
warning light); TOTINCAP-S, total incapacitation pe- 
riod (as measured to extinguish warning tone); 
GCONV, +G,-level at onset of convulsions; LOC- 
CONV, time from loss of consciousness to onset of 
convulsions (convulsion-free period); CONV-PER, 
length of time convulsions lasted; and CONROC, dif- 
ference in time from end of convulsions to return of 
consciousness. Data in parentheses indicate SDs. 

tP < .0001. 

$P < .001. 

§P < .05. 


29.9 (13.9) 
30.4 (13.7) 
2.9 (1.8) 
8.3 (4.3)t 


measurement and calculation of the 
parameters defined in Tables 1 
through 5 and Figs 1 through 4. A for- 
mal description of unconsciousness 
and techniques to kinetically quantify 
it has not been developed previously. 
Previous investigations of G-LOC and 
other forms of unconsciousness have 
described the characteristics of uncon- 
sciousness, including the occurrence of 
convulsive activity. Few, if any, of 
these investigations have had the 
opportunity to have permanent video 
recording of a large number of LOC 
episodes for detailed analysis. 
Previous reports have qualitatively 
described G-LOC and associated 
phenomenon.” To date, no thorough 
quantitative or kinetic description has 
been given, even though centrifuge and 
inflight G-LOC has been observed for 
over 60 years.: The methods used to 
define G-LOC in this report not only 
describe the events that occur during 
G-LOC but also establish the kinetic 
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TOTINCAP-L, s 
TOTINCAP-S, s 
GCONV, g 
LOC-CONV, s 


28.6 (13.9)§ 20.8 (8.6)§ 
30.0 (13.5)t 16.8 (5.0)t 
3.1 (1.8)ł 2.2 (1.1)t 
7.9 (4.1)§ 6.5 (2.2)§ 
CONV-PER, s 3.9 (1.6) 4.0 (1.6) 
CONROC, s 1.1 (2.3) 0.7 (2.2) 


* +G, indicates head-to-foot acceleration force; 
ONRATE, average +G,-onset rate of exposure; 
GMAX, maximum +G,-level attained; OFFRATE, av- 
erage +G,-offset rate of exposure; TAG, time spent at 
maximum acceleration (due to gravity); TOTGS, total 
area under g X Time exposure curve; G-LOC, +G,- 
induced loss of consciousness; LOCINDTI, length of 
time to induce unconsciousness; ABSINCAP, abso- 
lute incapacitation period (unconsciousness); RELIN- 
CAP-L, relative incapacitation period (confusion / dis- 
orientation) (as measured to extinguish warning light); 
RELINCAP-S, relative incapacitation period (as mea- 
sured to extinguish warning tone); TOTINCAP-L, total 
incapacitation period (as measured to extinguish 
warning light); TOTINCAP-S, total incapacitation pe- 
riod (as measured to extinguish warning tone); 
GCONV, +G,-level at onset of convulsions; LOC- 
CONV, time from loss of consciousness to onset of 
convulsions (convulsion-free period); CONV-PER, 
length of time convulsions lasted; and CONROC, dif- 
ference in time from end of convulsions to return of 
consciousness. Data in parentheses indicate SDs. 

tP < .0001. 

+P < .001. 

§P < .005. 





relationship between these events. The 
phenomenon of G-LOC results from 
exceeding the body’s tolerance to +G, 
acceleration stress. Unconsciousness 
results from inadequate blood flow to 
the CNS. The period of unconscious- 
ness has been defined as the absolute 
incapacitation period, since a period of 
relative incapacitation, characterized 
by confusion and disorientation, fol- 
lows unconsciousness. The sum of the 
unconsciousness and the confusion and 
disorientation is defined as the total 
incapacitation period that represents 
the period of time a fighter pilot would 
not be in control of his aircraft. This 
relationship, as shown in Fig 5, is ex- 
tremely important for understanding 
G-LOC as it pertains to pilot safety. In 
addition to unconsciousness and sub- 
sequent incapacitation, myoclonic con- 
vulsions result when the ischemic/hy- 
poxic insult to the CNS is sufficiently 
great. These myoclonic convulsions oc- 
cur in a specific relationship to the pe- 


Table 15.—Effect of Central Observer 
Interaction on Recovery From 
G-LOC* 


Central Observer 
interaction 
em aes 
Yes No 
(N = 57) (N = 319) 


1.2 (1.5) 1.6 (1.6) 
8.0 (1.0) 8.1 (1.1) 
0.9 (1.1) 0.7 (0.3) 
7.7412) 7.7 (1.3) 
3.0 (4.5) 3.7 (4.0) 
227 (134) 202 (136) 
49.3 (35.2) 41.8 (36.4) 
13.8 (5.3) 12.5 (5.0) 
33.5 (17.5)t 11.9 (8.1)t 
35.5 (17.3)t 12.7 (7.1)t 
47.5 (17.6)t 24.7 (9.3)t 
49.4(17.0)t 25.2 (8.7)t 
3.2 (1.8) 3.3 (1.8) 
9.6 (4.8)+ 8.0 (3.9)+ 
CONV-PER, s 3.6 (1.6) 3.8 (1.5) 
CONROC, s 1.6 (2.2) 1.2 (2.6) 


*+G, indicates head-to-foot acceleration force; 
ONRATE, average +G,-onset rate of exposure; 
GMAX, maximum +G,-level attained; OFFRATE, av- 
erage +G,-offset rate of exposure; TAG, time spent at 
maximum acceleration (due to gravity); TOTGS, total 
area under g X Time exposure curve; G-LOC, +G,- 
induced loss of consciousness; LOCINDTI, length of 
time to induce unconsciousness; ABSINCAP, abso- 
lute incapacitation period (unconsciousness); RELIN- 
CAP-L, relative incapacitation period (confusion/ dis- 
orientation) (as measured to extinguish warning light); 
RELINCAP-S, relative incapacitation period (as mea- 
sured to extinguish warning tone); TOTINCAP-L, total 
incapacitation period (as measured to extinguish 
warning light); TOTINCAP-S, total incapacitation pe- 
riod (as measured to extinguish warning tone); 
GCONV, +G,-level at onset of convulsions; LOC- 
CONV, time from loss of consciousness to onset of 
convulsions (convulsion-free period); CONV-PER, 
length of time convulsions lasted; and CONROC, dif- 
ference in time from end of convulsions to return of 
consciousness. Data in parentheses indicate SDs. 

tP < .0001. 

+P < .05. 


Parameter 


ONRATE, g/s 
GMAX, g 
OFFRATE, g/s 
G-LOC, g 
TAG, s 
TOTGS, 9Xs 
LOCINDTI, s 
ABSINCAP, s 
RELINCAP-L, s 
RELINCAP-S, s 
TOTINCAP-L, s 
TOTINCAP-S, s 
GCONV, g 
LOC-CONV, s 





Table 16.—Characteristics of G-LOC 
Episodes Associated With Length of 
Myoclonic Convulsions * 


Minimum Maximum 
Convulsions Convulsions 
Parameter (1 s) (8-10 s) 


ONRATE, g/s 
GMAX, g 
G-LOC, g 
OFFRATE, g/s 
ABSINCAP, s 
RELINCAP-L, s 
RELINCAP-S, s 
TOTINCAP-L, s 
TOTINCAP-S, s 
BASEGF, g 

N 


* +G, indicates head-to-foot acceleration force; 
ONRATE, average +G,-onset rate of exposure; 
GMAX, maximum +G,-level attained; G-LOC, +G,-in- 
duced loss of consciousness; OFFRATE, average 
+G,-offset rate of exposure; ABSINCAP, absolute in- 
capacitation period (unconsciousness); RELINCAP-L, 
relative incapacitation period (confusion /disorienta- 
tion) (as measured to extinguish warning light); 
RELINCAP-S, relative incapacitation period (as mea- 
sured to extinguish warning tone); TOTINCAP-L, total 
incapacitation period (as measured to extinguish 
warning light); TOTINCAP-S, total incapacitation pe- 
riod (as measured to extinguish warning tone); and 
BASEGF, base +G, at completion of exposure. 
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Table 17.—Characteristics of Upper 
and Lower Extremes of Absolute 
Incapacitation Period* 


Absolute 
Incapacitation 
Sl Oe 
Upper Lower 


Parameter 10% 10% 


GBASE, g 
ONRATE, g/s 
GMAX, g 

GBASEF, g 
OFFRATE, g/s 
TAG, s 

TOTGS, gXs 
G-LOC, g 
OFF-AREA-L, gX s 
OFF-AREA-C, gX s 
LOCINDTI, s 
ABSINCAP, s 
RELINCAP-L, s 
RELINCAP-S, s 
TOTINCAP-L, s 
TOTINCAP-S, s 
GCONV, g 
LOC-CONV, s 
CONV-PER, s 
CONROC, s 


*+G, indicates head-to-foot acceleration force; 
GBASE, mean of initial (GBASEO) and final (GBASEF) 
levels; ONRATE, average +G,-onset rate of expo- 
sure; GMAX, maximum +G,-level attained; G-LOC, 
+G,-induced loss of consciousness; OFFRATE, av- 
erage +G,-offset rate of exposure; TAG, time spent at 
maximum acceleration (due to gravity); TOTGS, total 
area under g X Time exposure curve; G-LOC, +G,- 
induced loss of consciousness; OFF-AREA-L, area 
under +G,-exposure curve from onset of uncon- 
sciousness to onset of GBASEF; OFF-AREA-C, area 
under +G,-exposure curve from onset of uncon- 
sciousness to onset of convulsions; LOCINDTI, length 
of time to induce unconsciousness; ABSINCAP, ab- 
solute incapacitation period; RELINCAP-L, relative in- 
capacitation period (confusion/disorientation) (as 
measured to extinguish warning light); RELINCAP-S, 
relative incapacitation period (as measured to extin- 
guish warning tone); TOTINCAP-L, total incapacita- 
tion period (as measured to extinguish warning light); 
TOTINCAP-S, total incapacitation period (as mea- 
sured to extinguish warning tone); GCONV, +G,-level 
at onset of convulsions; LOC-CONV, time from loss of 
consciousness to onset of convulsions (convulsion- 
free period); CONV-PER, length of time convulsions 
lasted; and CONROC, difference in time from end of 
convulsions to return of consciousness. 


cific relationship to the period of un- 
consciousness and recovery. The myo- 
clonic convulsions occur after the on- 
set of unconsciousness and follow the 
return of CNS blood flow, as deter- 
mined by temporal artery Doppler 
flow measurements. Based on when 
myoclonic convulsions occur, the abso- 
lute incapacitation period can be di- 
vided into an initial convulsion-free 
period, followed by a convulsion-prone 
period, as shown in Fig 5. The myo- 
clonic convulsions consistently last for 
approximately 4 seconds and end vir- 
tually coincident with the return of 
consciousness. Dreams were also doc- 
umented to occur in association with 
the G-LOC episode. The physiologic 
mechanisms that are responsible for 
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Table 18.—Characteristics of Upper 
and Lower Extremes of Total 
Incapacitation Period* 


Total 
Incapacitation 
a... 
Upper Lower 
Parameter 


GBASE, g 
ONRATE, g/s 
GMAX, g 
GBASEF, g 
OFFRATE, g/s 
TAG, s 

TOTGS, gXs 
G-LOC, g 
OFF-AREA-L, gX s 
OFF-AREA-C gX s 
LOCINDTI, s 
ABSINCAP, s 
RELINCAP-L, s 
RELINCAP-S, s 
TOTINCAP-L, s 
TOTINCAP-S, s 
GCONV, g 
LOC-CONV, s 
CONV-PER, s 
CONROC, s 


* +G, indicates head-to-foot acceleration force; 
GBASE, mean of initial (GBASEO) and final (GBASEF) 
levels; ONRATE, average +G,-onset rate of expo- 
sure; GMAX, maximum +G,-level attained; G-LOC, 
+G,-induced loss of consciousness; OFFRATE, av- 
erage +G,-offset rate of exposure; TAG, time spent at 
maximum acceleration (due to gravity); TOTGS, total 
area under g X Time exposure curve; G-LOC, +G,- 
induced loss of consciousness; OFF-AREA-L, area 
under +G,-exposure curve from onset of uncon- 
sciousness to onset of GBASEF; OFF-AREA-C, area 
under +G,-exposure curve from onset of uncon- 
sciousness to onset of convulsions; LOCINDTI, length 
of time to induce unconsciousness; ABSINCAP, ab- 
solute incapacitation period; RELINCAP-L, relative in- 
capacitation period (confusion/disorientation) (as 
measured to extinguish warning light); RELINCAP-S, 
relative incapacitation period (as measured to extin- 
guish warning tone); TOTINCAP-L, total incapacita- 
tion period (as measured to extinguish warning light); 
TOTINCAP-S, total incapacitation period (as mea- 
sured to extinguish warning tone); GCONV, +G,-level 
at onset of convulsions; LOC-CONYV, time from loss of 
consciousness to onset of convulsions (convulsion- 
free period); CONV-PER, length of time convulsions 
lasted; and CONROC, difference in time from end of 
convulsions to return of consciousness. 





memorable dreams may be of impor- 
tance in establishing the psychophys- 
iologic basis of G-LOC and subsequent 
recovery. It has been postulated that 
dreams occur near the end of the abso- 
lute incapacitation and convulsion- 
prone periods, as shown in Fig 5. This 
has been suggested based on the seem- 
ingly frequent incorporation of physi- 
ologic events (myoclonic convulsive 
movements and a sense of paralysis 
and helplessness) into many of the re- 
ported dreams. This would indicate 
that as CNS blood flow returns, the 
functional capabilities of the CNS re- 
turn in a sequential manner. The CNS 
circuitry for dreaming and memory 
returns prior to the return of full con- 
sciousness. 


Table 19.—Characteristics of Upper 
and Lower Extremes of Relative 
Incapacitation Period * 


Relative 
Incapacitation 
[mA 
Upper Lower 


Parameter 10% 10% 


GBASE, g 
ONRATE, g/s 
GMAX, g 

GBASEF, g 
OFFRATE, g/s 
TAG, s 

TOTGS, gXs 
G-LOC, g 
OFF-AREA-L, gX s 
OFF-AREA-C, gX s 
LOCINDTI, s 
ABSINCAP, s 
RELINCAP-L, s 
RELINCAP-S, s 
TOTINCAP-L, s 
TOTINCAP-S, s 
GCONV, g 
LOC-CONV, s 
CONV-PER, s 
CONROC, s 


* +G, indicates head-to-foot acceleration force; 
GBASE, mean of initial (GBASE O) and final (GBASEF) 
levels; ONRATE, average +G,-onset rate of expo- 
sure; GMAX, maximum +G,-level attained; G-LOC, 
+G,-induced loss of consciousness; OFFRATE, av- 
erage +G,-offset rate of exposure; TAG, time spent at 
maximum acceleration (due to gravity); TOTGS, total 
area under g X Time exposure curve; G-LOC, +G,- 
induced loss of consciousness; OFF-AREA-L, area 
under +G,-exposure curve from onset of uncon- 
sciousness to onset of GBASEF; OFF-AREA-C, area 
under +G,-exposure curve from onset of uncon- 
sciousness to onset of convulsions; LOCINDTI, length 
of time to induce unconsciousness; ABSINCAP, ab- 
solute incapacitation period; RELINCAP-L, relative in- 
capacitation period (confusion/disorientation) (as 
measured to extinguish warning light); RELINCAP-S, 
relative incapacitation period (as measured to extin- 
guish warning tone); TOTINCAP-L, total incapacita- 
tion period (as measured to extinguish warning light); 
TOTINCAP-S, total incapacitation period (as mea- 
sured to extinguish warning tone); GCONV, +G,-level 
at onset of convulsions; LOC-CONV, time from loss of 
consciousness to onset of convulsions (convulsion- 
free period); CONV-PER, length of time convulsions 
lasted; and CONROC, difference in time from end of 
convulsions to return of consciousness. 


Characteristics of G-LOC Considering 
the Entire Group 


The major aspects of importance, 
when considering the entire group of 
G-LOC episodes, include the kinetics of 
resulting incapacitation and the myo- 
clonic convulsions. The mean length of 
unconsciousness (absolute incapacita- 
tion) resulting from G-LOC was 11.9 
(+5.0) seconds. The resulting confu- 
sion and disorientation (relative inca- 
pacitation) extends the incapacitation 
an additional 15.3 (+12.8) seconds, as 
determined by a purposeful movement 
to disengage the warning light and 16.2 
(+12.5) seconds to disengage the audi- 
tory warning. The total incapacitation 
resulting from G-LOC, which might be 
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considered the length of time a fighter 
pilot would not be in control of his air- 
craft should G-LOC occur, was 28.3 
(+13.8) seconds, as measured by warn- 
+  ing-light disengagement, and 28.9 
(+13.5) seconds, as measured by audi- 
tory-warning disengagement. The ab- 
solute incapacitation ranged from a 


minimum of 2 seconds to a maximum 
of 38 seconds, and the total incapaci- 
tation (as measured by the response to 
the warning light) ranged from a min- 
imum of 9 seconds to a maximum of 110 
seconds. The absolute incapacitation 
period is made up of a convulsion-free 
period beginning immediately on onset 


LOC-AREA 


Onset 
Convulsions 


CONV-AREA 


Onset 
BASEGF 





Fig 4.—Area under the +G,-time-exposure curve. +G, indicates head-to-foot acceleration force; 
TONG, time for onset of +G,-stress; G-LOC, +G,-induced loss of consciousness; LOC-AREA, in- 
tegrated area under g X Time exposue curve until onset of unconsciousness; CONV-AREA, inte- 
grated area under g X Time exposure curve until onset of convulsions; BASEGF, base +G, at 
completion of exposure; and TOTGS, total area under g X Time exposure Curve. 


of G-LOC and lasting, on the average, 
7.7 seconds. This is followed by a con- 
vulsion-prone period that lasts, on the 
average, 3.9 seconds. The myoclonic 
convulsions end almost simulta- 
neously with the return of conscious- 
ness. The difference between the end of 
myoclonic convulsions and the return 
of consciousness (CON-ROC) is given 
as 1.1 seconds. This differential is, in 
fact, even less than this value, since the 
measurements were made only to the 
nearest 1 second. Mechanistically, the 
sequence was almost exclusively mea- 
surement of the end of convulsions, 
followed instantly by the return of 
consciousness. It was clearly evident, 
after observing the entire group of in- 
dividuals who had had myoclonic con- 
vulsions, that such convulsions end 
virtually coincident with the return of 
consciousness. As can be seen, the 
length of myoclonic convulsions re- 
mained very consistently fixed at ap- 
proximately 4.0 seconds, irrespective 
of how the data were separated or 
subgrouped. 

It was very clear that the incapaci- 
tation resulting from G-LOC was 
highly dependent on the type of +G,- 
exposure. As shown in Table 9, inca- 
pacitation was negatively correlated 
with +G,-onset and -offset rates. 
Longer incapacitation resulted from 
slower (more gradual) onset-rate pro- 
files, which, by experimental design, 
have slower offset rates. The longer the 
LOCINDTI period, which is also asso- 
ciated with gradual-onset exposures, 
the longer the incapacitation period. 
As would have been suspected, the 
greater the area under the +G,-time- 
exposure curve (for the total g X s ex- 
posure, the g X s area to unconscious- 


Fig 5.—The +G,-induced loss of consciousness (LOC) psychophysiologic description. +G, indicates head-to-foot acceler- 
ation force; CNS, central nervous system; and G-LOC, +G,-induced LOC. 
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ness, and the g X s area to the onset of 
myoclonic convulsions), the longer the 
resulting incapacitation. A more com- 
plex picture arises on relating the var- 
ious onset-rate subgroups, as shown in 
Table 10. Very-gradual-onset +G,- 
stress, for instance, had a slower onset 
rate, a higher offset rate, a smaller 
area under the +G,-time-exposure 
curve, and almost identical LOC-in- 
duction times, compared with gradual- 
onset +G,-stress. This complex situa- 
tion prevents an exact relationship of 
very-narrow-onset rate ranges with 
incapacitation. 

There is little doubt that exposure to 
more gradual onset results in in- 
creased incapacitation, as compared 
with exposure to rapid onset. Exposure 
to more gradual onset, therefore, must 
result in a greater CNS insult than ex- 
posure to rapid onset. The prolonged 
period of reduction in CNS blood flow 
results in a longer period of uncon- 
sciousness and time required to gain 
recovery. This type of relationship 
would have been predicted; however, it 
has not been physiologically demon- 
strated previously. The absolute inca- 
pacitation period (and, therefore, total 
incapacitation) would appear to be de- 
termined by the magnitude of the CNS 
physiologic insult (length, location, 
and amount of ischemia/hypoxia). The 
relative incapacitation, although defi- 
nitely proportional to the magnitude 
of the physiologic insult, may also be 
related to other factors. The ability to 
reorient and respond to the warning 
light and auditory tone is more likely 
to depend on such factors as previous 
G-LOC experience and motivation. 
Previous results have indicated that 
“G-LOC training” may result in a 
learning effect that significantly de- 
creases the relative incapacitation 
period.’ 


Myoclonic Convulsions 


Convulsive activity has been associ- 
ated frequently with unconsciousness 
induced by various techniques. Re- 
ports have indicated that convulsive 
activity occurs in approximately 
11.9% of blood donors who have syn- 
copal episodes.” Franks et al? reported 
that convulsive activity occurred in 
52% of G-LOC episodes in the centri- 
fuge. The myoclonic convulsions that 
occur during G-LOC may occur more 
frequently than they do in routine 
syncope, since the individual is re- 
strained in the upright sitting position 
during +G,-stress. The finite period 
required for offset of the +G,-stress is 
also very likely prolonged over that 
experienced when the common faint 
results in falling to a horizontal posi- 
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tion. As an example, the time to return 
to +1.0 G, from +8.0 G, at 0.8 g/s 
requires 8.8 seconds. Myoclonic con- 
vulsions occur with exposures that 
produce longer incapacitation. Expo- 
sures with a greater CNS insult not 
only prolong incapacitation but are 
more frequently associated with myo- 
clonic convulsions. Clonic, tonic, and 
tonic-clonic convulsive activities have 
been described in a number of studies 
involved with unconsciousness. The 
myoclonic convulsions induced during 
this type of G-LOC occur following re- 
turn of blood flow to the CNS, suggest- 
ing that they are generally a reper- 
fusion phenomenon. 

To gain further insight into the 
characteristics of G-LOC-related my- 
oclonic convulsions, the extremes of 
the duration of myoclonic convulsions 
were evaluated (Table 16). Convulsions 
of minimum duration (1 second) were 
associated with rapid onset, rapid off- 
set, and decreased absolute and total 
incapacitation. The fact that relative 
incapacitation is not uniformly pre- 
dicted by absolute incapacitation once 
again suggests that it is less dependent 
on purely physiologic determinants. 
Convulsions of maximum duration (8 
to 10 seconds) were associated with 
gradual onset, slower offset, and 
longer absolute and total incapacita- 
tion. This may indicate that convulsive 
activity is facilitated by enhancing re- 
gional CNS perfusion asymmetry. 


The Effect of Wearing an Anti-G Suit 


The effect of wearing an anti-G suit 
on the G-LOC parameters is of signif- 
icant importance in aerospace medi- 
cine. The results are also important to 
clinical medicine, since any technique 
that enhances CNS perfusion may re- 
sult in reduced CNS insult and im- 
proved recovery. Most importantly, 
the anti-G suit was associated with 
significantly shortened absolute and 
total incapacitation. As shown in Ta- 
ble 12, anti-G suit wear was associated 
with rapid onset to higher +G,-levels 
(ie, GMAX). The phenomenon of G- 
LOC occurred at significantly higher 
+G,-levels, as would be expected since 
the anti-G suit is worn as protective 
equipment to enhance tolerance to 
+G,-stress. The shortened incapacita- 
tion may be a reflection not only of the 
anti-G suit protection, but also of the 
type of exposure (rapid onset, which, 
by itself, also shortened incapacita- 
tion). However, the higher +G,-levels 
(ie, GMAX) would have, at least, par- 
tially negated the isolated effect of on- 
set rate. The onset of myoclonic con- 
vulsions following G-LOC occurred 
earlier when an anti-G suit was worn. 


This suggests that there was a more- 
rapid return of adequate CNS blood 
flow secondary to the wear of the anti- 
G suit, the rapid offset of the +G,- 
stress, or acombination of the two. The 
duration of the myoclonic convulsions 
was unchanged. Although of slight 
(but statistically significant) magni- 
tude, not wearing the anti-G suit pro- 
longed the time from the termination 
of the convulsions to the return of con- 
sciousness (ie CON-ROC). This may be 
a result of the prolonged and slower 
rate of return of CNS blood flow. Over- 
all, the wear of an anti-G suit seems 
not only to improve the tolerance to 
+G,-stress, but also to improve recov- 
ery from G-LOC, should it occur. 


The Effect of Performing an Anti-G 
Straining Maneuver 


The anti-G straining maneuver is 
performed to improve tolerance to +G, 
by increasing the perfusion pressure to 
the CNS. The performance or nonper- 
formance of an anti-G straining ma- 
neuver was associated with similar 
onset- and offset-rate exposures; how- 
ever, performing the anti-G straining 
maneuver resulted in achieving a 
much higher +G,-level (ie, GMAX), 
along with G-LOC also occurring at a 
much higher +G,-level (ie, GLOC). The 
duration of exposure (total g X s) and 
the amount of time to induce G-LOC 
(ie, LOCINDTI) were also considerably 
lengthened by performing an anti-G 
straining maneuver. All incapacita- 
tion parameters were prolonged with 
performance of the anti-G straining 
maneuver (to higher +G,-levels). The 
myoclonic convulsions occurred at a 
higher +G,-level (ie, GCONV), and 
significantly later following G-LOC 
(LOC-CONV). It is evident that the 
anti-G straining maneuver increases 
the magnitude (+G,-level and -dura- 
tion) of tolerable +G,-stress; however, 
when G-LOC occurs at the higher 
stress levels, relaxation results and 
the subsequent incapacitation is in- 
creased. 


G-LOC With Associated Dreams 


The presence of memorable dreams 
may be of extreme importance relative 
to the noninvasive establishment of 
the physiologic mechanisms of G-LOC 
induction and recovery. The character- 
istics of the dream content and possi- 
ble physiologic mechanism have been 
described elsewhere.'' It was sug- 
gested that the actual dream period 
may be near the termination of both 
the absolute incapacitation period and 
the convulsion-prone period. The iso- 
lation of these vivid “dreamlets” that 
occur—over such a short period of 
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time—may be of specific interest to 
dream researchers. The fact that the 
dreams are memorable indicates that 
the mnestic CNS circuits become func- 
tional prior to the return of “full” con- 
sciousness. The disinhibition of the 
circuits responsible for dreaming be- 
come reinhibited, ending the dream, as 
the cortex regains function. 

The data on the presence or absence 
of dream occurrence were limited be- 
cause of the lack of accurate question- 
ing of the subjects during the early 
years of G-LOC documentation. Al- 
though limited, the data were analyzed 
based on the presence or absence of 
dreaming. The occurrence of dreams 
was documented more frequently than 
was the nonoccurrence of dreams, sim- 
ply because in the early episodes doc- 
umentation occurred only when the 
subject spontaneously proffered its oc- 
currence. The exact frequency of 
dream occurrence associated with G- 
LOC remains unknown. The type of 
+G,-exposures was similar when com- 
paring the presence or absence of 
dreams; however, when dreams did oc- 
cur, the absolute incapacitation was 
significantly longer. The +G,-level at 
which myoclonic convulsions occurred 
(ie, GCONV) was higher, and the 
length of time from offset of +G, to the 
onset of myoclonic convulsions (ie, 
TOG-CON\V) was significantly longer. 
The occurrence of dreams may result 
from a greater CNS insult and may be 
facilitated by increased regional CNS 
perfusion asymmetry. A considerable 
amount of work remains to character- 
ize fully G-LOC-related dream phe- 
nomenon, since no physiologic moni- 
toring during the exposures was possi- 
ble. 


The Effects of Verbal Interaction 
With the Subject 


It is of extreme aeromedical impor- 
tance to determine the most effective 
mode of interaction with a fighter pilot 
recovering from inflight G-LOC. If the 
most effective mode of reorienting a 
fighter pilot can be determined, it may 
be useful for assisting the pilot to re- 
gain control of his aircraft should 
inflight G-LOC occur. This goal was a 
major reason for including and com- 
paring both visual and auditory warn- 
ing devices during G-LOC recovery. 
The effect of COI with the subject, 
which may have been expected to re- 
duce the relative and total incapacita- 
tion, was actually found to be associ- 
ated with longer relative and total in- 
capacitation. It was evident that COI 
occurred most frequently when the 
subject recovering from G-LOC re- 
quired a long time to react to the 
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warning light and/or the auditory 
tone. The slightly longer absolute in- 
capacitation that occurred during G- 
LOC requiring COI was not signifi- 
cantly different. A slightly longer time 
from the onset of G-LOC to the onset 
of myoclonic convulsions (ie, LOC- 
CONV) did reach statistical signifi- 
cance. It remains unknown whether 
voice interaction with a subject recov- 
ering from unconsciousness has an ef- 
fect on G-LOC incapacitation and im- 
proved recovery. 


Evaluation of the Extremes of G-LOC 
Incapacitation 


The ischemic/hypoxic insult to the 
CNS induced by the +G,-stress in- 
volved in this research actually repre- 
sents an extremely narrow band of in- 
sult to the CNS. The exposures repre- 
sent the minimal insult to induce 
unconsciousness. Once again, the long- 
est incapacitation was associated with 
gradual-onset, slower-offset expo- 
sures. This separation illustrates the 
type of exposure that results in the 
greatest insult to the CNS. The direct 
relation between the magnitude of 
CNS insult and the time required for 
recovery lends evidence to a mecha- 
nism for G-LOC recovery that is not 
an all-or-nothing phenomenon. The 
greater the insult, the longer the inca- 
pacitation that results. 


Kinetic Implications Toward a G-LOC 
Mechanism 


The kinetic observations obtained in 
this investigation do provide a clearer 
understanding of what actually occurs 
during LOC. A method for experimen- 
tal documentation of G-LOC and a 
framework for describing the G-LOC 
phenomenon have now been estab- 
lished. Although the exact physiologic 
mechanism of unconsciousness in hu- 
mans still remains to be determined, 
these results do establish a basis for 
formulating a mechanism of accelera- 
tion-induced LOC. Based on the pre- 
dicted mechanical effects of +G,-stress 
on reduced CNS blood flow, there 
would be a sequential reduction begin- 
ning at the top of the CNS and pro- 
gressing downward. Unconsciousness 
results when the blood flow to the crit- 
ical CNS area(s) responsible for main- 
taining consciousness is reduced to a 
critical level for a specific length of 
time. Based on +G,-exposures of most 
rapid onset, it would seem apparent 
that CNS tolerance to a very abrupt 
reduction of blood flow is approxi- 
mately 7 seconds. The period of time 
the CNS can function without ade- 
quate blood flow has been termed the 
CNS functional-buffer period. The 


CNS functional-buffer period is 
slightly less than the G-LOC-induc- 
tion period, since a certain level of +G, 
must be reached before reduction of 
CNS blood flow begins. This approxi- 
mate 7-second period required to in- 
duce G-LOC is very close to the previ- 
ously measured 6.8-second period in 
which unconsciousness developed fol- 
lowing application of acute pressure to 
the neck of humans.” As opposed to the 
almost instantaneous return of CNS 
blood flow in the studies of pressure to 
the neck, reduction of the +G,-force 
requires a longer period of time. De- 
pending on the +G,-level at which G- 
LOC occurs and the offset rate, there is 
a period of time in which CNS blood 
flow remains compromised after the 
onset of G-LOC. Based on temporal 
artery Doppler flow measurements, 
the total period of reduced flow char- 
acteristic of rapid-onset +G,- 
exposures is 12 to 14 seconds. This CNS 
insult results in approximately 12 sec- 
onds of unconsciousness (absolute in- 
capacitation), and, at least 70% of the 
time, 4 seconds of myoclonic convul- 
sions that terminate virtually coinci- 
dent with the return of consciousness. 
Although their frequency is unknown, 
memorable dreams are thought to oc- 
cur near the end of the myoclonic con- 
vulsions, just prior to the return of 
consciousness. Based on this sequence 
of events, and previous research on 
convulsive activity,” it may be postu- 
lated that high, sustained +G,-stress 
results in a functionally altered cere- 
bral cortex (and thalamocortical tract 
system) that leads to unconsciousness. 
The myoclonic convulsions may result 
from a disinhibited brain-stem-facili- 
tory reticular formation (the reticular 
formation is less affected by +G,- 
stress because of its lower [less-depen- 
dent] position in the +G, field and, 
perhaps, its greater resistance to is- 
chemia/hypoxia). This would explain 
the coincident end of myoclonic con- 
vulsions and the return of conscious- 
ness, as the cerebral cortex regains 
normal function and reinhibits the fa- 
cilitory reticular formation. Dream 
events may occur in the short period 
prior to return of consciousness as the 
structures necessary for dream pro- 
duction and memory return, ending as 
cortical function returns, which rein- 
hibits these structures that were mo- 
mentarily liberated from cortical con- 
trol. A more complete description of 
this postulated mechanism has been 
given.'* 

Incapacitation continues after re- 
turn of consciousness in the form of 
confusion and disorientation. This pe- 
riod has been termed relative incapac- 
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itation, which lasts approximately 12 
seconds with rapid-onset +G,-stress. 
The total incapacitation for the most 
operationally important rapid-onset 
+G,-stress is approximately 24 sec- 
onds, a very long period indeed for a 
fighter pilot not to be in control of a 
multimillion dollar aircraft should G- 
LOC occur. Psychologie alterations re- 
sult from the G-LOC episodes, as pre- 
viously described.'®’ They are charac- 
teristic, in a small way, of what is 
observed in more severe and prolonged 
alterations of CNS blood flow. This in- 
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cludes decerebrate posturing, amnesic 
phenomenon, and transient psycho- 
logic phenomenon. Complete psycho- 
physiologic recovery requires as long 
as 24 hours unless a period of sleep al- 
lows a resetting of the fragmented 
thought processes that exist following 
G-LOC. It is evident that periods of al- 
tered performance persist longer than 
those measured in this study. These 
alterations are of extreme importance 
to the combat-flight ability of an air- 
crew and must undergo further evalu- 
ation. 
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è To contribute to the Geschwind-Gala- 
burda theory of cerebral lateralization, we 
examined the relationship of left-handed- 
ness to allergic disorders and stuttering, 
using epidemiological data of two French 
samples, one of which (N = 9591) is rep- 
resentative of the French male population 
between 17 and 24 years of age. Results 
showed a higher frequency of stuttering 
but not of allergic disorders in left-hand- 
ers. Extreme right-handedness was ob- 
served to be significantly associated with 
a lower frequency of allergic disorders; 
response bias might explain such a rela- 
tionship. Findings were confirmed after 
allowing for potential confounding fac- 
tors, such as age and education. In both 
samples, stuttering and allergic disorders 
were significantly related. 

(Arch Neurol. 1990;47:778-782) 


I previous issues of the ARCHIVES, 

Geschwind and Galaburda’® intro- 
duced their theory of cerebral lateral- 
ization according to which in utero 
testosterone or related factors act in- 
dependently on both the thymus and 
the brain. The effects on the thymus 
lead to an increased risk for immune 
disorders, whereas the effects on the 
brain lead to an increased likelihood of 
both left-handedness and developmen- 
tal disorders. To support the theory, 
Geschwind and Behan‘ presented clin- 
ical observations that showed a higher 
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frequency of immune diseases, mi- 
graine, and developmental learning 
disorders in left-handed individuals 
and their families. Since then, several 
studies have obtained conflicting re- 
sults.*"' The immune disorders taken 
into account were essentially autoim- 
mune diseases, such as myasthenia 
gravis, bowel disorders, and type I 
diabetes.° Case-control studies, con- 
ducted in relatively small samples, 
were used to assess the association be- 
tween handedness and such rare dis- 
eases. More recently, as suggested by 
Geschwind and Galaburda,' allergy 
was considered among the immune 
disorders.” Since allergies are a com- 
mon problem affecting at least 15% of 
Americans” and probably comparable 
numbers in other industrialized coun- 
tries, the relationship of handedness to 
allergy can be examined in large gen- 
eral populations. In the same way, the 
association of stuttering, one of the 
most frequent “learning disorders,” 
with handedness can be studied with- 
out considering special populations of 
patients. 

We examined the interrelationships 
among handedness, stuttering, and 
asthma, eczema, urticaria, and other 
allergic disorders in two samples. One 
of them was representative of the gen- 
eral French male population aged 17 to 
24 years. Particular attention was 
given to methodological problems. 


PATIENTS AND METHODS 
First Study 


In 1987, a self-completed questionnaire 
with questions on personal history of al- 
lergy and stuttering as well as on handed- 
ness was administrated to 698 volunteers, 
273 men and 425 women aged 14 years or 
more (mean + SD age, 34.5 + 9.7 years). 


They were students (n = 314), hospital 
nurses (n = 305), and employees (n = 79), 
not selected on the basis of their personal 
history of allergic disorders or stuttering. 
The questionnaire contained 4 questions on 
allergy, namely, history of asthma, eczema 
in childhood, urticaria, and hay fever (“Did 
you ever have asthma?” “Did you ever have 
eczema in childhood?” “Did you ever have 
urticaria?” and “Did you ever have hay fe- 
ver?”) taken from standardized respiratory 
questionnaires, 1 question on stuttering 
(“Did you ever have a stutter?”), and 10 
items assessing handedness: the hand used 
for throwing, playing tennis, shaving or 
applying makeup, brushing one’s teeth, cut- 
ting bread, hammering, turning a screw- 
driver, lighting a match, eating with a 
spoon, and combing one’s hair. These items 
were selected according to the results of a 
previous study, conducted on a French sam- 
ple of 882 subjects, which had shown that 
the writing hand was not a good marker of 
the handedness in subjects born before 
1950. The items were multiple-choice ques- 
tions with five possible answers: right hand 
always, right hand more often, both, left 
hand more often, and left hand always 
(coded 1, 2, 3, 4, and 5, respectively). A prin- 
cipal-component analysis of the 10 items 
confirmed that the first factor, which ex- 
plained 82% of the variance, could be inter- 
preted as handedness; the loadings of the 10 
items on this factor were about the same. 
There was also a question on accidents that 
could have modified the handedness. Exclu- 
sion of the few subjects (n = 63) who were 
forced to use the other hand did not yield 
different final results. For each individual, 
a left-handedness score (LS) was assessed 
by computing the sum of the answers to the 
10 items. Such scores ranged between 10, 
corresponding to the answer “right hand 
always” to all 10 items, and 50, correspond- 
ing to the answer “left hand always” to all 
10 items. In other words, a high LS is a sign 
of left-handedness. To study the relation- 
ship of handedness with allergic disorders 
and stuttering, subjects were classified as 


Lateralization—Dellatolas et al 


-p 


right-handers if their LS was below 30 
(midinterval) and as left-handers if their 
LS was 30 or greater. 


Second Study 


All conscripts (by French law, all men are 
conscripted to the army between 17 and 24 
years of age) examined between March and 
July 1988 at the Army Medical Center of the 
Parisian region answered the same self- 
completed questionnaire as in the first sur- 
vey, supplemented by 2 items for handed- 
ness and 1 additional question on allergic 
disorders (“Are you allergic? If yes, to 
what?”). The question on urticaria was 
more specific (“Did you ever have urticaria, 
ie, hives like those that are provoked by 
nettle stings?”). The questionnaire also in- 
cluded a question on education, a factor able 
to influence handedness response. The 2 
supplementary items on handedness con- 
cerned writing and drawing, which are good 
markers of handedness in subjects aged less 
than 30 years in France. Analysis con- 
cerned the 8659 men, of the 9591 initially 
surveyed (mean age, 20.5 + 1.9 years), 
whose handedness was never, even tempo- 
rarily, modified by an accident or disease. 
The first factor of principal-component 
analysis on the 12 items explained 79% of 
the variance. Because of the 2 new items, 
the LS, established once again as the sum of 
the answers to the items, ranged from 12 to 
60. Men were classified as right-handers if 
their LS value was below 36 and as left- 
handers if their LS was 36 or greater. 

Analyses on handedness were done (1) 


using LS as a continuous variable and (2) 
comparing the percentages of left- and 
right-handers. In some analyses, other lev- 
els of handedness (strong or extreme and 
ambidextrous left- and right-handers) were 
introduced. We will define such levels when 
presenting the results. 


Statistical Analysis 


Statistical analysis included the x? test 
for qualitative variables and analysis of 
variance for quantitative variables." In the 
first study, owing to the small number of 
subjects, the nonparametric Wilcoxon test’ 
was also used for quantitative variables. 
The more sophisticated logistic regression 
model” was used to assess the independent 
effect of a given factor on the probability of 
a dichotomous outcome, for controlling for 
the others. For instance, the individual’s 
probability (P) of reporting a history of 
asthma (Asth) is written as a function of 
age (A), education (E), and LS as follows: 


P(Asth/A,E,LS) = 1/ 
{1 + exp[—a — (ba - A + b: - E+ bis - LS))} 
where exp is the exponential function, a is 
a constant, and the 8s are regression coef- 
ficients. If, for instance, 6, is 0, then the 


factor age is not associated with reporting 
an asthma. 


RESULTS 
Prevalence of Handedness 


As expected, the distribution of LS 
was J-shaped in both studies. The per- 


Table 1.—Left-handedness Score According to Allergic Disorders and Stuttering * 


Yes 


No 


First Study (N = 698) 


Asthma 


M 
F 
Total 


Eczema 
M 


F 
Total 


Urticaria 
M 


F 
Total 


Hay fever 
M 


20.3 + 
12.6 
16.5 


15.7 + 
13.2 + 
14.3 + 


14.5 + 
15.0 + 
14.9 + 


17.2 


14.4 (23) 
3.6 (23) 
3.6 (46) 


10.4 (21) 
5.0 (29) 
7.8 (50) 


10.4 (27) 
9.3 (62) 
9.6 (89) 


12.1 (43) 


I+ 


I+ | 1+ | I+ 


11.1 (250) 
11.0 (402) 
11.0 (652) 


11.5 (252) 
11.0 (396) 
11.2 (648) 


11.5 (246) 
10.9 (363) 
11.2 (609) 


11.3 (230) 


F 16.8 
Total 16.9 


Stuttering 
M 19.4 


F 19.2 


11.7 (69) 15.1 
11.8 (112) 15.7 


13.0 (19) 16.5 
15.6 (10) 15.3 


10.5 (356) 
10.8 (586) 


+ | i+ | I+ 


11.3 (254) 
10.6 (415) 


I+ | I+ 


Total 19.3 + 13.7 (29) 15.8 + 10.9 (669) 
Second Study (N = 8659) 


Asthma 21.0 + 14.6 (583) 
19.6 + 13.0 (749) 
19.8 + 13.3 (1449) 
20.3 + 13.75 (1468) 
19.5 + 12.9 (1784) 
21.2 + 14.5 (692) 


Eczema 
Urticaria 

Hay fever 
Other allergies 
Stuttering 


19.4 + 13.4 (8076)t 
19.5 + 13.6 (7910) 
19.4 + 13.6 (7210) 
19.3 + 13.4 (7191)t 
19.5 + 13.6 (6875) 
19.4 + 13.4 (7967)4 





*Values are means + SD (number of subjects). Second study involved only men. 


tP< .01. 
4P < .001. 
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centages of left-handers were 11.3% 
and 11.6% in the first and second 
studies. 


Prevalence of Disorders 


In the first study, a history of 
asthma was reported by 6.6% of sub- 
jects (men and women), eczema in 
childhood by 7.2%, urticaria by 12.7%, 
and hay fever by 16%. The prevalence 
of stuttering was 4.2%. In the second 
study, the prevalences were very sim- 
ilar to those observed among men in 
the first study for asthma (6.7% in the 
second study vs 8.4% in the first), 
eczema in childhood (8.6% vs 7.7%), 
hay fever (17% vs 15.8% ), and stutter- 
ing (8% vs 7%), but not for urticaria. 
The difference observed for urticaria 
(16.7% in the second study vs 10.9% in 
the first) might be due to the fact that 
the questions used were not the same. 
One thousand eighty-four subjects 
(20.6%) reported being allergic to 
other allergens such as drugs and food. 


interrelationships Among Handedness, 
Allergic Disorders, and Stuttering 


First Study.—No significant associa- 
tion was observed between handedness 
and allergic disorders when consider- 
ing the mean scores (Table 1) or per- 
centages of left-handers (Table 2). 
However, a trend, even if not signifi- 
cant, was observed for hay fever. These 
results were not changed by the use of 
the nonparametric tests of Wilcoxon, 
except in the case of urticaria when 
reported by men (then LS was signif- 
icantly lower in men with urticaria 
compared with those without; P = .03). 
However, significant associations were 
found when other cutpoints than the 


Table 2.—Allergic Disorders and 
Stuttering According to Handedness * 


Right- Left- 
handers handers Total 
First Study (N = 698) 
Asthma 6.8 5.1 6.6 


Eczema rae 2.5 7.2 


Urticaria 13.1 10.1 12.7 


Hay fever 15.8 17.7 16.0 


Stuttering 3.9 6.3 4.2 


Second Study (N = 8659) 
Asthma 6.5 8.3T 6.7 


Eczema 8.7 8.0 8.6 
Urticaria 16.8 16.5 16.7 


Hay fever 16.9 17.7 17.0 


Other allergies 20.8 19.2 20.6 


Stuttering i d 9.9t 8.0 


*in first study, right-handedness is defined as a 
left-handedness score (LS) below 30, left-handed- 
ness as an LS of 30 or greater; in second study, 
right-handedness is defined as an LS below 36 
(n = 7671), left-handedness as an LS of 36 or 
greater (n = 988). Values are percent. 

tP < .05. 
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(n = 3689) 
Asthma 5.7 9.4 








Eczema 7.8 9.1 
Urticaria 15.3 15.7 
Hay fever 14.7 19.8 
Other allergies 19.6 19.3 
Stuttering 6.7 8.3 





Table 3.—Allergic Disorders and Stuttering According to Strong Handedness 
Second Study (N = 8659)* 


1 2, 


Strongly Strongly 
Right-handed Left-handed 


(n = 363) 





P< 





3, a 
Others 

(n = 4607) 1/2+3 2/1+3 1/2 
7.3 01 .05 .01 

9.3 05 NS NS 

17.9 .01 NS NS 
18.5 .001 NS 01 
21.5 01 NS NS 
9.0 001 NS NS 


*Values are percent, except for P values, where comparisons are between 1 and 2+3, 2 and 1+3, and 1 
and 2, respectively. NS indicates not significant. Strongly right-handed is defined as a left-handedness score 


(LS) of 12; strongly left-handed, LS of 60. 


midpoint of the interval were chosen to 
classify the subjects into two classes of 
handedness. Compared with the other 
subjects (n = 324), extreme right- 
handers (LS, <12; n = 374) less fre- 
quently reported a history of asthma 
(4.8% vs 8.6%; P <.05) or hay fever 
(13.4% vs 19.0%; P < .05). By contrast, 
men who were extreme right-handers 
more often reported a history of ur- 
ticaria than others (13.9% vs 6.2%; 
P < .05). For stuttering, the difference 
became significant when the cutpoint 
was fixed at 16 (3.2% of the 530 right- 
handers reported stuttering vs 7.1% of 
the 168 non-right-handers; P < .05). 
To sum up, discrepant results were ob- 
tained according to the cutpoints cho- 
sen. 

Second Study.—The mean LS value 
was significantly higher in subjects 
who reported a history of asthma, hay 
fever, or stuttering (Table 1). No sig- 
nificant difference was observed for 
eczema, urticaria, or other allergic dis- 
orders. In the same way, the percent- 
ages of history of asthma or stuttering 
but not of hay fever, eczema, or other 
disorders were significantly higher in 
left-handers (Table 2). Therefore, the 
two approaches (namely, using LS 
score or left-hander percentages, re- 
spectively) yielded slightly different 
results. Men who answered always 
right hand to the 12 items (extreme 
right-handers) less frequently re- 
ported allergic disorders or stuttering 
than the others (Table 3). By contrast, 
in extreme left-handers (LS, 60), only 
the prevalence of asthma was in- 
creased. As expected, the prevalences 
of asthma and hay fever were not the 
same in extreme right-handers and 
left-handers. 

After the exclusion of extreme 
right-handers, and also after the ex- 
clusion of both extreme left- and right- 
handers, no association was observed 
between handedness and allergic dis- 
orders (Table 4). In contrast, the hand- 


780 Arch Neurol—Vol 47, July 1990 






Urticaria 


Stuttering 





*Values are means + SD (number of subjects). 
TP < .01. 


edness score remained higher in sub- 
jects reporting stuttering (Table 5). 
The variation of the percentages of al- 
lergic disorders according to nine 
class-handedness scores (LS of 12, 13 
to 18, 19 to 24, 25 to 30, 31 to 36, 37 to 
42, 43 to 48, 49 to 54, and 55 to 60, re- 
spectively) is shown in Fig 1: percent- 
ages were significantly different 
among classes for all allergic disor- 
ders, except asthma. The percentage of 
asthma did not vary at all for score 
values ranging from 13 to 60. For other 
allergic disorders, the percentages 
were higher among “ambidextrous” 
right-handers (LS, 19 to 30) than 
among left-handers (LS, >43). Among 
“ambidextrous” left-handers (LS, 31 
to 42), no trend was observed, but there 
were very few such subjects. In gen- 
eral, lower percentages of allergic dis- 
orders were observed in strong right- 
handers. Contrary to allergic disor- 
ders, the prevalence of stuttering rose 
with handedness score, as shown in 
Fig 2. 

The logistic regression model 
showed that a high handedness score 
was a predictor of asthma (P < .01), 
hay fever (P<.01), and stuttering 
(P < .001), respectively. After exclu- 
sion of extreme right-handers, no re- 
lation was observed between LS and 
asthma or hay fever, but LS was still 









Table 5.—Left-handedness Score According to Allergic Disorders and Stuttering After 
Exclusion of Strong Handedness, Second Study (N = 8659)* 


o 
22.4 + 12.3 (826) 


23.9 + 13.6 (416) 









Table 4.—Allergic Disorders and 
Stuttering According to Handedness 
After Exclusion of Strong 
Handedness, Second Study 
(n = 4607)* 
















Right- Left- 
handers handers 
(n = 3982) (n = 625) 






Asthma A 


3 5.1 
Eczema 9.6 2.5 
Urticaria 18.1 10.1 







Hay fever 18.8 17.7 
Other allergies 21.9 19.2 
Stuttering 8.7 10.9 





*Values are percent. Right-handedness is defined 
as a left-handedness score (LS) below 36; left-hand- 
edness, LS of 36 or greater. No difference is signif- 
icant. 






22.3 + 12.8 (3781) 






22.2 + 12.6 (4191)t 





related to stuttering, although less 
significantly (P < .05). Adjusting for 
age (significantly associated with LS 
and with all disorders) and for educa- 
tion (associated with age and with all 
disorders but not with LS) did not 
modify previous results. 


Interrelationships Between Stuttering 
and Allergic Disorders 


In the first study, allergic disorders 
were highly significantly (P < .001) re- 
lated to each other, but no association 
existed between allergic disorders and 
stuttering. In the larger second study, 
allergic disorders were significantly 
interrelated (P < .0001), and stutter- 
ing was highly significantly related to 
all allergic disorders (P < .001). These 
relationships persisted after the exclu- 
sion of extreme right-handers. 


COMMENT 


Our findings did not show a higher 
frequency of allergic disorders in left- 
handers, as expected according to the 
Geschwind-Galaburda theory of cere- 
bral dominance, but did show a lower 
frequency of allergic disorders in ex- 
treme right-handers. All significant 
associations of allergic disorders with 
handedness disappeared after the 
exclusion of extreme right-handers. 
These facts put into question the hy- 
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Fig 1.—Allergic disorders according to nine class-handedness score 
groupings (LS), with number of subjects in parentheses. 


pothesis of a concomitance of left- 
handedness and allergy. On the con- 
trary, stuttering was associated with 
left-handedness even after exclusion 
of extreme handedness. 

Various clinical studies have dis- 
cussed the Geschwind-Galaburda the- 
ory of cerebral dominance by analyz- 
ing the interrelationships among 
handedness, immune disorders, and 
learning disorders. They have mostly 
considered autoimmune diseases**”"! 
or learning disorders*'' but rarely al- 
lergic disorders. In a case-control 
study conducted on 363 patients,” 
there was a highly significant increase 
of left-handers in atopic compared 
with nonatopic subjects. But in that 


study, ambidextrous _left-handers 
were found overall among the atopic 
subjects. 


It is apparent that the comparabil- 
ity of studies depends on strict and ac- 
cepted criteria for definition and/or 
diagnosis of immune and learning dis- 
orders as well as of handedness.'*”! 
Immune disorders were estimated 
by either questionnaire*’ or clinical 
data’! and less by biologic tests.'° In 
the same way, the presence of develop- 
mental learning disorders or disabili- 
ties, an entity that is still imprecisely 
defined? and would include autism, 
dyslexia, stuttering, Gilles de la 
Tourette’s syndrome, and delayed lan- 
guage acquisition, was evaluated ei- 
ther by a questionnaire,’ often admin- 
istered to a member of the family,’ or 
by clinical examination.’ According to 
some authors, results support the 
Geschwind-Galaburda theory of later- 
alization only when data are obtained 
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by questionnaire. 

Different factors that could affect 
the association between left-handed- 
ness and allergy can be mentioned: (1) 
the choice of the cutoff used to define 
left-handers; (2) the definition of 
strong right-handers; and, finally, (3) 
the response bias in questionnaires 
assessing handedness as well as aller- 
gies or stuttering. In our studies, dis- 
crepant results were obtained when 
different cutoffs for LS were used. We 
proposed a cutoff corresponding to the 
midpoint of the LS distribution inter- 
val because it is less dependent on the 
LS instrument (ie, the choice of items) 
than a cutoff nearer to the extremes.” 

The definition of extreme right- 
handers depends on the instrument 
used. With questionnaires, the items 
as well as the score chosen are rele- 
vant. The items of the Edinburgh 
Handedness Inventory," such as the 
hand used “for pushing a broom (upper 
hand)” and “opening a box lid,” which 
are less correlated to the first factor of 
the principal-component analysis,'*'?”! 
make the percentages of extreme 
right-handers decrease greatly. Dif- 
ferent definitions of extreme right- 
handedness are based on the 
Schachter et al* scoring method, which 
is similar to ours, or Oldfield’s'® scor- 
ing, which is widely used. Subjects 
having a score of +100 (extreme right- 
handers) in Oldfield’s Quotient of Lat- 
erality can have a score between +50 
and +100 and be classified as non- 
right-handers according to Schachter 
et al. 

Finally, the response bias—system- 
atic error due to difference in charac- 





Fig 2.—Stuttering according to nine class-handedness score groupings 
(LS), with number of subjects in parentheses. 


teristics between those who choose to 
participate in a study and those who do 
not—may be responsible for the asso- 
ciation between LS and allergies. In 
the case-control study of Smith” on 
the association of handedness with 
IgE-mediated disorders, controls, who 
were travelers interviewed at a sta- 
tion, most likely did not answer the 
questionnaire with the same precision 
as the cases. Although the prevalences 
we found for allergy and stuttering 
were comparable with those previ- 
ously reported,"'* a small number of 
subjects in our study might have al- 
ways answered negatively to questions 
on allergies and stuttering. These 
same subjects could have answered 
systematically “extremely” to all 
items of handedness. 

In our population, right-handers 
less frequently reported having a stut- 
ter compared with the others. This as- 
sociation, weak but statistically signif- 
icant because of the high number of 
subjects in the study, is in agreement 
with the Geschwind-Galaburda the- 
ory. 

The increase of the stuttering prev- 
alence observed in allergic subjects is 
in agreement with the results of Pen- 
nington et al, who found a relation- 
ship between dyslexia and allergy, and 
Burke et al,” who indicated a relation 
between learning disabilities and im- 
munological problems. However, Pen- 
nington et al did not find any link be- 
tween dyslexia and stuttering, which 
shows the lack of homogeneity for the 
learning disorders entity. 

In conclusion, our epidemiological 
investigation, which constituted an 
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or 21 days. 


CONTRAINDICATIONS 


None known. 


PRECAUTIONS 

General: Blood Pressure: Nimodipine has the hemodynamic effects expected of a calcium 
channel blocker, although they are generally not marked. In patients with subarachnoid hemor- 
rhage given Nimotop® in clinical studies, about 5% were reported to have had lowering of the 
blood pressure and about 1% left the study because of this (not all could be attributed to 
nimodipine). Nevertheless, blood pressure should be carefully monitored during treatment with 
Nimotop® based on its known pharmacology and the known effects of calcium channel blockers. 

Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic 
function. Such patients should have their blood pressure and i rate monitored closely and 
should be given a lower dose (see Dosage and Administration). 

Laboratory Test Interactions: None known. 

Drug Interaction: It is possible that the cardiovascular action of other calcium channel 
blockers could be enhanced by the addition of Nimotop®. 

In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive 
compounds taken concomitantly by patients suffering from hypertension: this phenomenon was 
not observed in North American clinical trials. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: In a two-year study, higher incidences 
of adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were observed in rats 
given a diet containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day nimodipine) 
than in placebo controls. The differences were not statistically significant; however, the higher 
rates were well within historical control range for these tumors in the Wistar strain. Nimodipine 
was found not to be carcinogenic in a 9l-week mouse study but the high dose of 1800 ppm 
nimodipine-in-feed (546 to 774 mg/kg/day) shortened the life expectancy of the animals. 
Mutagenic studies, including the Ames, micronucleus and dominant lethal tests were negative. 

Nimodipine did not impair the fertility and general reproductive performance of male and 
female Wistar rats following oral doses of up to 30 jae a n when administered daily for more 
than 10 weeks in the males and 3 weeks in the females prior to mating and continued to day 7 of 
pregnancy. This dose in a rat is about 4 times the equivalent clinical dose of 60 mg q4h in a 50 kg 
patient. 

Pregnancy: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect 
in Himalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral (by 
gavage) doses of 1 and 10 mg/kg/day administered from day 6 through day 18 of pregnancy but not 
at 3.0 mg/kg/day in one of two identical rabbit studies. In the second study an increased incidence 
of stunted fetuses was seen at 1.0 mg/kg/day but not at higher doses. Nimodipine was embryo- 
toxic, causing resorption and stunted growth of fetuses, in Long Evans rats at 100 mg/kg/day 
administered by gavage from day 6 through day 15 of pregnancy. In two other rat studies, doses of 
30 mg/kg/day nimodipine administered by gavage from day 16 of gestation and continued until 
sacrifice (day 20 of pregnancy or day 21 post partum) were associated with higher incidences of 
skeletal variation, stunted fetuses and stillbirths but no malformations. There are no adequate 
and well controlled studies in pregnant women to directly assess the effect on human fetuses. 
Nimodipine should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 

Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk 
at concentrations much higher than in maternal plasma. It is not known whether the drug is 
excreted in human milk. Because many drugs are excreted in human milk, nursing mothers are 
advised not to breast feed their babies when taking the drug. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorrhage 
(11.2%) who were given nimodipine. The most frequently reported adverse experience was 
decreased blood pressure in 4.4% of these patients. Twenty-nine of 479 (6.1%) placebo treated 
patients also reported adverse experiences. The events reported with a frequency greater than 1% 
are displayed below by dose. 


DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30 mg 60 mg 90 mg 120 mg 

Sign/Symptom (n=82) (n=71) (n= 494) (n=172) (n=4) (n= 479) 
Decreased 

Blood Pressure 1 (1.2) 0 19 (3.8) 14(8.1) 2 (50.0) 6 (1.2) 
Abnormal Liver 

Function Test L LZ) 0 2 (0.4) 1(0.6) 0 7 (1.5) 
Edema 0 0 2 (0.4) 202) 0 3 (0.6) 
Diarrhea 0 3 (4.2) 0 3(1.7) 0 3 (0.6) 
Rash 2 (2.4) 0 3 (0.6) 2(1.2) © 3 (0.6) 
Headache 0 1 (1.4) 6 (1.2) 0 0 1 (0.2) 
Gastrointestinal 

Symptoms 2 (2.4) 0 0 2tLZ) © 0 
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DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30mg 60 mg 90 mg 120 mg 

Sign/Symptom (n=82) (n=71) (n= 494) (n=172) (n=4) (n= 479) 
Nausea 1 (1.2) 1 (1.4) 6 (1.2) 1(0.6) 0 0 
Dyspnea 1 (1.2) 0 0 0 0 
EKG 

Abnormalities 0 1 (1.4) 0 1(0.6) © 0 
Tachycardia 0 1 (1.4) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1(0.6) O 0 
Muscle Pain/Cramp 0 1 (1.4) 1 (0.2) 1(0.6) 0 0 
Acne 0 1 (1.4) 0 0 0 0 
Depression 0 1 (1.4) 0 0 0 0 


There were no other adverse experiences reported by the patients who were given 0.35 mg/kg 
q4h, 30 mg q4h or 120 mg q4h. Adverse experiences with an incidence rate of less than 1% in the 
60 mg qth dose group were: hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia; 
anemia; palpitations; vomiting; flushing; diaphoresis; wheezing; phenytoin toxicity; lighthea- 
dedness; dizziness; rebound vasospasm; jaundice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 1% in the 90 mg q4h dose group were: 
itching; gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting; 
diaphoresis; congestive heart failure; hyponatremia; decreasing platelet count; disseminated 
intravascular coagulation; deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on 
increased incidence with higher dose or a higher rate compared to placebo control, included 
decreased blood pressure, edema and headaches which are known pharmacologic actions of 
calcium channel blockers. It must be noted, however, that SAH is frequently accompanied by 
alterations in consciousness which lead to an under reporting of adverse experiences. Patients 
who received nimodipine in clinical trials for other indications reported flushing (2.1%), 
headache (4.1%) and fluid retention (0.3%), typical responses to calcium channel blockers. Asa 
calcium channel blocker, nimodipine may have the potential to exacerbate heart failure in 
susceptible patients or to interfere with A-V conduction, but these events were not observed. 

No clinically significant effects on hematologic factors, renal or hepatic function or carbohy- 
drate metabolism have been causally associated with oral nimodipine. Isolated cases of non-fast- 
ing elevated serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet counts 
(0.3%), elevated alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.2%) have been 
reported rarely. 

OVERDOSAGE 

There have been no reports of overdosage from the oral administration of Nimotop®. Symp- 
toms of overdosage would be expected to be related to cardiovascular effects such as excessive 
peripheral vasodilation with marked systemic hypotension. Clinically significant hypotension 
due to Nimotop® overdosage may require active cardiovascular support. Norepinephrine or 
dopamine may be helpful in restoring blood pressure. Since Nimotop® is highly protein-bound, 
dialysis is not likely to be of benefit. 

DOSAGE AND ADMINISTRATION 

Nimotop® is given orally in the form of ivory colored, soft gelatin 30 mg capsules for subarach- 
noid hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days. Oral 
Nimotop® therapy should commence within 96 hours of the subarachnoid hemorrhage. 

If the capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is unconscious, 
a hole should be made in both ends of the capsule with an 18 gauge needle, and the contents of the 
capsule extracted into a syringe. The contents should then be emptied into the patient's in situ 
naso-gastric tube and washed down the tube with 30 mL of normal saline (0.9%). 

Patients with hepatic failure have substantially reduced clearance and approximately doubled 
Cmax: Dosage should be reduced to 30 mg every 4 hours, with close monitoring of blood pressure 
and heart rate. 
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The Impact of Poststroke Depression on Recovery in 
Activities of Daily Living Over a 2-Year Follow-up 


Rajesh M. Parikh, MD; Robert G. Robinson, MD; John R. Lipsey, MD; 
Sergio E. Starkstein, MD; J. Paul Fedoroff, MD; Thomas R. Price, MD 


è The impact of clinically diagnosed 
depression on recovery in activities of 
daily living over a 2-year follow-up was ex- 
amined in a prospective study of 63 stroke 
patients. Although impairment in activities 
of daily living, neurologic diagnoses and 
findings, lesion location and volume as 
measured on computed tomographic 
scan, demographic variables, cognitive 
impairment, and social functioning were 
comparable between depressed (n = 25) 
and nondepressed (n = 38) patients dur- 
ing their acute hospitalization, the two 
groups had different patterns of recovery 
in activities of daily living. At 2 years after 
suffering a stroke, patients with an in-hos- 
pital diagnosis of depression (either major 
or minor depression) were significantly 
more impaired in both physical activities 
and language functioning than were non- 
depressed patients. Among patients with 
major depression, this disparity in the re- 
covery profile was present even after the 
depression had remitted. This study em- 
phasizes the need for early recognition 
and treatment of poststroke depression. 

(Arch Neurol. 1990;47:785-789) 


ith an annual incidence of 400 000 

in the United States,’ cerebral 
vascular disease remains the third 
leading cause of mortality among the 
elderly. Although the control of hyper- 
tension has significantly reduced the 
incidence of stroke over the past 10 
years,’ once a cerebral infarct has oc- 
curred there is currently no fully ef- 
fective treatment for most of the re- 
sulting physical or cognitive impair- 
ments.*4 
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In a recent article, Partridge et al’ 
demonstrated recovery curves of phys- 
ical impairment in stroke patients. 
This was an important contribution to 
stroke rehabilitation research because 
it provided a baseline from which the 
effect of specific variables on physical 
recovery may be assessed. In an ensu- 
ing article, we indicated that post- 
stroke depression may have had a sig- 
nificant negative impact on these re- 
covery curves.‘ Previous investigations 
have demonstrated that poststroke de- 
pression can adversely affect resump- 
tion of social activities,’ short-term 
physical therapy outcome,‘ and cogni- 
tive impairment,’ but the effect of 
diagnosed depression on long-term re- 
covery from physical impairment has 
never been examined. 

In this study, we diagnosed depres- 
sion in acute stroke inpatients using a 
structured interview and standardized 
diagnostic criteria and compared their 
functional recovery over a 2-year fol- 
low-up with that of comparable non- 
depressed stroke patients. We describe 
a sustained adverse effect of depres- 
sion on functional recovery after 
stroke even after the depression has 
improved. 


PATIENTS, MATERIALS, AND METHODS 
Patient Population 


The study population consisted of pa- 
tients who were admitted to the University 
of Maryland Hospital, Baltimore, with 
acute thromboembolic or hemorrhagic 
stroke and who were followed up for 2 years. 
For inclusion in this study, patients had to 
meet the following criteria: (1) they were 
included in the Pilot Stroke Data Bank or 
Stroke Data Bank of the National Institute 
of Neurological Disorders and Stroke’; (2) 
they had no significant comprehension def- 
icit that would preclude a verbal interview; 
(3) at the time of the acute stroke, they had 
some impairment in their activities of daily 
living as measured by the Johns Hopkins 
Functioning Inventory (JHFI) (ie, JHFI 
score was 1 or greater); and (4) they had 
survived 2-year follow-up without subse- 
quent strokes or other significant medical 


illnesses that would affect their daily activ- 
ities. A consecutive series of 63 patients 
who met these criteria were included in this 
study. There were 10 patients who were el- 
igible for the study but who were not 
included because they were unavailable for 
follow-up. 


Clinical Evaluation 


Initial in-hospital interviews were usu- 
ally conducted within the first 2 weeks after 
stroke. Two-year follow-up examinations 
were conducted in the neurology outpatient 
clinic, except for 7 patients who could only 
be interviewed by telephone. Neurologic 
examinations were performed by one of us 
(T.R.P.) who was blinded to the psychiatric 
diagnosis, using the standardized examina- 
tion of the Stroke Data Bank. Neurologic 
diagnoses were made using the Stroke Data 
Bank criteria," which are based on both 
computed tomographic (CT) scan and clin- 
ical examinations. 

Psychiatric examinations were con- 
ducted by psychiatrists in late morning or 
early afternoon to minimize any possible 
effect of diurnal mood variation. The initial 
interview included three standardized mea- 
sures of depression: the Hamilton Depres- 
sion Rating Scale,? the Zung Self-Rating 
Depression Scale (ZDS),”? and the Present 
State Examination (PSE).'* The PSE was 
modified to include only items related to 
depression or anxiety as described in a pre- 
vious publication.’ The ZDS was read to 
patients, and their responses using the four 
ZDS severity categories were recorded. The 
reliability and validity of these three de- 
pression rating instruments for a brain-in- 
jured population have been demonstrated 
in prior publications.'*'* The 2-year follow- 
up interview included all the items in the 
initial interview. 

Psychiatric diagnoses were based on Di- 
agnostic and Statistical Manual of Mental 
Disorders-III criteria using symptoms elic- 
ited by the structured psychiatric interview 
in the PSE.'* The study sample was then di- 
vided into three diagnostic groups: major 
depression (except the 2-week-duration cri- 
teria), minor depression (ie, symptoms of 
dysthymic depression except the 2-year- 
duration criteria), and nondepressed. 

Cognitive impairment was assessed us- 
ing the Mini-Mental State Examination.” 
Functional physical impairment was quan- 
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tified using the JHFI," a 10-item question- 
naire evaluating capacity and independence 
in activities of daily living, including the 
ability to walk, dress, eat, comprehend spo- 
ken and written language, write, perform 
routine tasks, find one’s way around, ex- 
press needs, and maintain sphincter con- 
trol. The total score may range from 0 to 27, 
with higher scores indicating greater im- 
pairment. 

The quality of the patient’s social rela- 
tionships and number of social connections 
were quantified using the Social Function- 
ing Examination and Social Ties 
Checklist.'%”° 


CT Scan Analysis 


Patients’ CT scans were evaluated by one 
of us (S.E.S.) who was blinded to the clini- 
cal findings. Stroke lesion location (ex- 
pressed as a percentage of total anteropos- 
terior distance) was calculated as the mean 
distance of the anterior lesion border from 
the frontal pole for all CT scan slices in 
which the lesion was visible.” Lesion vol- 
ume (expressed as a percentage of total 
brain volume) was estimated as the ratio of 
the largest cross-sectional area of the lesion 
on any CT slice divided by the largest 
cross-sectional area of total brain on a CT 
slice passing through the lateral ven- 
tricles.” A computerized area calculation 
program was used. Lesion locations were 
also analyzed by the brain structures in- 
volved. 


Statistical Analysis 


Intergroup comparisons of means and 
standard deviations were performed with 
repeated measures analysis of variance and 
t tests (two tailed). Frequencies were com- 
pared by x? tests, with a Yates’ correction 
where appropriate. A factor analysis was 
performed on the individual items of the 
JHFI, and a multiple regression analysis 
was carried out to analyze the relationships 
between activities of daily living and vari- 
ous other measures in the hospital and at 
2-year follow-up. 


RESULTS 


Of the 63 patients examined acutely 
and at 2-year follow-up, 12 had major 
depression, 13 had minor depression, 
and 38 had no depression at the time of 
admission. All patients were initially 
admitted to an acute stroke unit and 
received similar specialized care in the 
hospital. 

The 63 study patients were in their 
late 50s or early 60s, about half were 
married, slightly over half were black, 
and the vast majority were from lower 
socioeconomic classes (ie, Hollings- 
head classes IV and V) (Table 1). There 
were no statistically significant demo- 
graphic differences between the in- 
hospital depressed (major and minor 
depressed groups were not signifi- 
cantly different from one another in 
any demographic characteristics and 
were therefore combined) and nonde- 
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pressed groups. Moreover, there were 
no intergroup differences on Mini- 
Mental State Examination, Social Ties 
Checklist, or Social Functioning Ex- 
amination scores in the hospital (Table 
1). The mean Mini-Mental State Ex- 
amination scores in both groups, how- 
ever, were less than 23, indicating the 
existence of significant cognitive im- 
pairment in many of these patients. 

Neurologic diagnoses and findings 
were also comparable for the de- 
pressed and nondepressed groups (Ta- 
ble 2). 


Physical Recovery 


A repeated measures analysis of 
variance showed significant effects for 
time (ie, acute vs 2-year JHFI scores) 
[F(1,61) = 37.09; P < .001], and group 
(ie, depressed vs nondepressed) by 
time interaction [F(1,61) = 3.97; P< 
05], but not group alone [F(1,61) 


= 3.25; P = ns] (Figure). This finding 
indicates that the 2-year recovery 
curve (ie, JHFI scores over time) for 
the depressed patients was signifi- 
cantly different than the recovery 
curve for the nondepressed patients. A 
post hoc planned comparison analysis 
revealed statistically significant lower 
JHFI scores (ie, less impairment in 
activities of daily living) for the non- 
depressed patients compared with the 
depressed group at 2-year follow-up 
(t = 3.2; df = 61; P < .01), although the 
two groups were not significantly dif- 
ferent in JHFI scores in the hospital 
(t=0.4; df=61; P= ns) (Figure). 
Thus, depressed patients showed sig- 
nificantly less functional recovery over 
2-year follow-up than nondepressed 
patients. Patients with major depres- 
sion, however, were not significantly 
different in their time course of recov- 
ery from those with minor depression 


Table 1.—In-hospital Characteristics of the Depressed and Nondepressed Groups* 


Depressed Groupt 


Nondepressed Group 


Age, y (mean + SD) 56 + 12 61+ 19 


66 
Race, % black § 56 


Marital status, % 
Married 


Widowed 
Other 
Socioeconomic status 


(Hollingshead class), % 
1-111 


IV-V 


(n = 25) (n = 38) 
42 
9 
50 49 
16 21 


34 30 





87 79 


History of CVA, % 14 16 


Mini-Mental State Examination (mean + SD) 


21.1 + 60 22.0 + 6.0 


Social Ties Checklist (mean + SD) 4.3 + 2.0 43+ 1.9 
Social Functioning Examination 
(mean + SD) 0.27 + .20 G20-+ +313 


Time from stroke to interview (days + SD) 


TE = a2 9+6 


* There were no significant differences for any of the variables between the two groups. CVA indicates cere- 
brovascular accident. 
tMajor depression and minor depression combined. 









Diagnosis 
Thromboembolism 
Intracerebral hemorrhage 


Neurological examination findings 
Hemiparesis-monoparesis, moderate to 
severe 


Sensory deficit, moderate to severe 


Visual field deficit, hemianopsia or 
quandrantanopsia 


Aphasia 
Broca's 
Wernicke's 
Global 
Others 







Table 2.—Neurological Diagnosis and Findings in the Depressed and Nondepressed 
Groups * 


Depressed Group 












Nondepressed Group 
(N = 38) 







(N = 25) 















10 13 
9 14 
5 6 
2 1 
o 1 
2 1 
5 3 





* There were no significant differences between the two groups for any of the variables. 
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(repeated measures analysis of vari- 
ance [ANOVA ][F(1,28) = .01; P = ns)}). 

Because the nondepressed patients 
had slightly lower (ie, less impaired) 
initial JHFI scores than the depressed 
patients, we matched depressed 
(n = 22) and nondepressed (n = 22) pa- 
tients for initial JHFI scores (ie, +1). 
In-hospital, JHFI scores were 
8.3+5.1 SD  nondepressed and 
8.1 + 4.7 depressed while, at 2 years, 
JHFI scores were 19+2.9 and 
5.2 + 4.8, respectively. Analysis of 
variance revealed a significant group 
by time interaction [F(1,42) = 5.0; 
P < .03]. The major and minor de- 
pressed patients were not significantly 
different, but the depressed patients 
showed less recovery than the nonde- 
pressed group at 2-year follow-up. In 
addition, although the number of 
aphasic patients was not statistically 
different in the depressed and nonde- 
pressed groups, there was a trend for 
more depressed patients to have apha- 
sia (36% ) than nondepressed patients 
(16% ) at initial evaluation. To test the 
hypothesis that the presence of apha- 
sia could account for the different 
rates of recovery in activities of daily 


— o Dep (n = 25) 


—+e— Nondep (n = 38) 


Activities of Daily Living (JHFI) Score 


(0) 1 2 
Inhospital After Stroke, y 


Johns Hopkins Functioning Inventory (JHFI) 
scores in the hospital and at 2-year follow-up 
in patients who were depressed (Dep) or non- 
depressed (Nondep). Higher scores on the 
JHFI indicate greater impairment in activities of 
daily living. There was a significant group by 
time interaction, with the nondepressed pa- 
tients having significantly lower (ie, less im- 
paired) scores than the depressed patients at 
2-year follow-up. Asterisk indicates P < .05. 
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living in the depressed and nonde- 
pressed groups, we compared initial 
and 2-year JHFI scores in all patients 
with aphasia (n = 15) with all patients 
without aphasia (n = 48). Mean in- 
hospital JHFI scores were 9.4 + 6.6 for 
aphasic patients and 8.0 + 5.2 for non- 
aphasic patients. At 2-year follow-up, 
the scores were 5.7 + 5.5and 3.2 + 3.9, 
respectively. There was no significant 
effect for presence or absence of apha- 
sia (ANOVA, F(1,61) = 2.62; P = .11) 
and no group by time interaction 
(ANOVA, F(1,61) = 0.49; P=.49). 
Thus, the existence of aphasia does not 
appear to explain the slower rate of 
recovery in activities of daily living 
among depressed patients. 

A factor analysis of items in the 
JHFI revealed that there were three 
distinct factors: factor 1 included six 
items related to the ability to walk, 
dress, eat, write, find one’s way around 
a familiar setting, and perform routine 
tasks; factor 2 included three items re- 
lated to the comprehension of spoken 
and written language and the ability to 
express one’s needs; and factor 3 was 
related to sphincter control. The mean 
sorted rotated factor loadings for the 
six items in factor 1 was .73 and for the 
three items in factor 2 it was .74. Fac- 
tor 3 had a correlation of .46 with fac- 
tor 1 and a correlation of 0.0 with fac- 
tor 2. Factors 1 and 2 had a correlation 
of 0.0 with each other. 

A repeated-measures ANOVA for 
each factor revealed a significant 
group (ie, depressed vs nondepressed) 
by the time interaction for factor 1 
[F(1,61) = 5.8; P < .025] and for factor 
2 [F(1,61) = 4.0; P = .05], but not for 
factor 3 [F1,61)=1.5; P=ns]. A 
planned comparison ¢ test revealed 
significantly greater impairment in 
factor 1 scores for depressed vs nonde- 
pressed patients at 2 years (t= 2.4, 
df = 61; P < .05), but not in the hospi- 
tal. Similarly, factor 2 showed signifi- 
cantly greater impairment for the de- 
pressed group compared with the non- 
depressed patients at 2-year follow-up 
(t = 2.2; df = 61; P < .05), but not in the 
hospital. These results indicate that 
the depressed group was significantly 
more impaired at 2 year follow-up than 
the nondepressed group in both phys- 
ical activities and language functions. 

Multiple regression analysis of in- 
hospital depression scores against 2- 
year follow-up scores for depression, 
activities of daily living, intellectual 
impairment, social functioning, and 
lesion location demonstrated that in- 
hospital ZDS scores were indepen- 
dently and positively correlated with 
physical impairment as measured by 
the JHFI at 2 years (r = .42; df= 61; 


P < .05). The only other significant 
correlate of JHFI score at 2 years was 
the in-hospital JHFI score (r= .40; 
df = 61; P < .05). In contrast, in-hos- 
pital physical impairment did not cor- 
relate significantly with any measure 
other than physical impairment itself 
at 2 years. 


Affective Recovery 


For each of the three depression 
scales there was a significant repeated- 
measures group by time interaction 
across all three diagnostic groups of 
major depression, minor depression, 
and no depression [F(2,60) = 8.3, 
P<.001 for the PSE; F(2,60) = 6.8, 
P < .01 for the Hamilton Depression 
Rating Scale; and F(2,60) = 5.7, P < .01 
for the ZDS]. Post hoc planned com- 
parison t tests revealed that patients 
with major depression significantly 
improved their scores on all three 
scales between in the hospital and fol- 
low-up. In fact, at 2-year follow-up, 
patients with major depression were 
not significantly different from pa- 
tients with no depression in the hospi- 
tal. There was no significant change 
over time for nondepressed patients 
and patients with minor depression. 
At 2-year follow-up, patients with an 
in-hospital diagnosis of minor depres- 
sion had higher depression scores than 
patients with an in-hospital diagnosis 
of major depression (eg, t= 2.4; 
df = 23; P < .05 for the PSE). Among 
the patients who were nondepressed in 
hospital (n = 38), 6 had developed a 
major depression and 1 had developed 
a minor depression at a 2-year follow- 
up. Among the patients with major 
(n = 12) depression in the hospital, 3 
had major depression and 1 had minor 
depression at 2 years, while among the 
minor depressives (n = 13), 6 had ma- 
jor depression and 2 had minor depres- 
sion at 2 years. Thus, the majority of 
major depressions had remitted by 2- 
year follow-up. Only 1 patient with 
major depression and 1 patient with 
minor depression received treatment 
with antidepressants during the 
course of the study. 


Lesion Location 


Since physical recovery can be influ- 
enced by the location and size of the 
brain lesion, we analyzed all lesion 
data without knowledge of the clinical 
findings. Based on clinical symptoms 
or CT imaging (31 patients had lesions 
that were visible on CT scan, while 32 
patients’ CT scans were negative), in 
the depressed group (n = 25), there 
were 15 patients (60% ) with left-hemi- 
sphere lesions, 7 patients (28% ) with 
right-hemisphere lesions, 1 patient 
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(4%) with a brain-stem lesion, and 2 
(8%) with bilateral hemispheric le- 
sions. The nondepressed group 
(n = 38) included 14 patients (37%) 
with left-hemisphere lesions, 19 pa- 
tients (50%) with right-hemisphere 
lesions, 3 (8%) with brain-stem 
lesions, and 2 (5%) with bilateral 
hemispheric lesions. A hypothesis of 
unequal frequencies of right- or left- 
hemispheric or brain-stem involve- 
ment based on the existence of depres- 
sion was not statistically substanti- 
ated (x? = 2.3; P = ns). Because there 
was a larger (although not statistically 
significant) number of depressed than 
nondepressed patients with left-hemi- 
sphere injury, we wanted to determine 
whether this could explain our find- 
ings. We therefore analyzed only pa- 
tients with left-hemisphere lesions (ie, 
15 depressed and 14 nondepressed) for 
change in JHFI scores over 2 years. 
The in-hospital scores were 8.6 + 5.4 
depressed and 9.6 + 6.4 nondepressed. 
At 2-year follow-up, the scores were 
5.9 + 4.9 and 2.5 + 4.4, respectively 
(ANOVA, F(1,27) = 4.7; P < .04 group 
by time interaction). Thus, the greater 
frequency of left-hemisphere lesion 
location did not explain the slower re- 
covery in the depressed group. 

More specific lesion location was as- 
sessed in those patients with positive 
CT scans. Among the depressed pa- 
tients, 7 (58% ) had purely subcortical 
lesions, 3 (25% ) had both cortical and 
subcortical involvement, and 2 (17%) 
had purely cortical lesions. The basal 
ganglia were involved in 5 patients, the 
thalamus in 1 patient, centrum semi- 
ovale in 1 patient, and the deep white 
matter in 3 patients. Cortical lesions 
involved the frontal cortex in 1 patient, 
the frontotemporal cortex in 1 patient, 
the parietal cortex in 1 patient, the 
temporal cortex in 1 patient, and the 
occipital cortex in 1 patient. The non- 
depressed group was composed of 9 
patients (47%) with only subcortical 
lesions, 2 (11% ) with both cortical and 
subcortical lesions, 7 (37%) with 
purely cortical lesions, and 1 (5% ) with 
a brain-stem lesion. The structures in- 
volved were the basal ganglia in 2 pa- 
tients, the putamen in 1 patient, the 
thalamus in 3 patients, the deep white 
matter in 5 patients, the frontal cortex 
in 1 patient, the frontotemporal cortex 
in 1 patient, the frontoparietal cortex 
in 3 patients, the fronto-operculum in 
2 patients, the temporal cortex in 1 
patient, and the occipital cortex in 1 
patient. Hypotheses of unequal fre- 
quencies of depression based on corti- 
cal vs subcortical involvement or based 
on basal ganglia, thalamic, deep white 
matter vs cortical lesion location were 
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not statistically substantiated (x? 
[Yates] = 1.2, P = ns; x? = 2.7, P= ns, 
respectively). Similarly, there were no 
intergroup differences in mean lesion 
volume (6.2 + 5.2 SD depressed vs 
5.3 + 3.7 nondepressed; t = 0.54; df= 
29; P = ns) or in the distance of the 
anterior border of the lesion from the 
frontal pole (40.9 + 16.1 nondepressed 
vs 33.8 + 12.9 depressed; t= 1.34; 
df = 29; P = ns). 

We also examined the issue of 
whether lacunar infarcts influenced 
the recovery pattern of these patients. 
There were 6 patients with lacunes, all 
of whom were in the nondepressed 
group. There was no difference, how- 
ever, in the pattern of JHFI scores over 
time between the nondepressed pa- 
tients with lacunar infarcts and the 
nondepressed patients without lacu- 
nar infarcts [F(1,36) = .09; P = ns]. 
The mean JHFI in-hospital scores for 
the lacunar and nonlacunar nonde- 
pressed patients were 7.0 + 3.7 and 
8.1 + 5.8, respectively, and at 2-year 
follow-up the scores were 2.0 + 1.4and 
2.3 + 3.1, respectively. Thus, the pre- 
dominance of lacunar infarcts in the 
nondepressed group did not account 
for their pattern of recovery. 


Rehabilitation Therapy 


Since long-term recovery may have 
been influenced by physical, occupa- 
tional, or speech therapy after hospi- 
talization, we compared the frequency 
of rehabilitation services (30 days or 
more) between groups. Fourteen 
(55%) of 25 depressed patients re- 
ceived rehabilitation therapy, while 19 
(50% ) of 38 nondepressed patients had 
comparable periods of rehabilitation 
therapy. A hypothesis of unequal fre- 
quency of rehabilitation therapy based 
on the existence of depression was not 
statistically substantiated (x? = .03; 
P = ns). 


COMMENT 


To our knowledge, this is the first 
study to demonstrate a negative im- 
pact of depression, as diagnosed using 
a structured psychiatric interview and 
standardized diagnostic criteria, on 
long-term recovery in activities of 
daily living after stroke. In contrast to 
our previous study in which major but 
not minor depression was found to in- 
fluence cognitive function,’ the adverse 
effect of depression on functional re- 
covery was seen in patients with either 
major or minor depression and, in 
most of the cases of major depression, 
delayed recovery was apparent even 
after the depression had waned. 

While the issue of prognostic factors 
in stroke is of enormous clinical im- 


portance to patients, families, and care- 
givers, it is a difficult problem to study. 
There are a large number of factors 
that can influence long-term outcome 
such as baseline neurologic deficits,” 
early intervention care,” the presence 
of a stroke unit,” type of infarct,” and 
the use of physiotherapy.’ The effect of 
one variable on physical recovery can 
only be assessed when all other factors 
are controlled. This problem is further 
compounded when the influence of 
emotional disorders on long-term out- 
come is being studied. For example, 
there is the problem of how to define 
and identify the emotional disorder to 
be studied, and the variability in the 
severity of the emotional disorder over 
time. 

Several investigations have exam- 
ined the influence of emotional factors 
on physical recovery. Kotilla et al% 
have reported on the role of depression 
and other “non-adequate emotional 
reactions” in predicting poor outcome 
at 3 months and at 1 year after stroke. 
Emotional reactions were considered 
as nonadequate when the patients ex- 
perienced depression or features such 
as emotional lability, indifference, eu- 
phoria, or anasognosia. There were, 
however, no assessments of the reli- 
ability or validity of these evaluations, 
no diagnostic criteria were used, and 
the relationship to important vari- 
ables such as lesion location was not 
examined. Zarith and Kahn” pointed 
out the absence of any significant cor- 
relation between depression and a sin- 
gle persistent neurologic deficit such 
as spatial inattention, but again, de- 
pression was not clinically diagnosed, 
and the relationship to other impor- 
tant variables was not examined. Fei- 
bel and Springer’ reported that 6 
months following stroke, patients who 
were depressed, as determined by a 
nurse-administered rating scale, had 
not returned to prior social activities 
compared with their nondepressed 
peers. Again, the relationship of these 
findings to other important variables, 
such as lesion location, was not exam- 
ined. More recently, Sinyor et al® de- 
scribed a negative impact of depres- 
sion (as determined by depression rat- 
ing scale scores) on physical therapy 
outcome (but not occupational ther- 
apy) at 6 weeks after stroke. This 
study, too, did not assess depression 
using standardized diagnostic criteria, 
the follow-up period was brief, and the 
influence of lesion location on outcome 
was not examined. Finally, although 
Berrios and Samuel” (in a study of a 
general group of neurologic patients) 
demonstrated a worsening of neuro- 
logic status in patients who were de- 
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pressed when compared with those 
who were not, the existence of depres- 
sion was not always based on any 
standard diagnostic criteria, neurolog- 
ical recovery was only assessed in a 
global manner, and a wide variety of 
neurological diagnoses were included. 

We have previously reported that 
major depression is significantly more 
frequent among patients with left an- 
terior lesions than any other lesion 
location.” The fact that depression 
was not significantly more frequent 
among patients with left-hemisphere 
injury in this study we believe was be- 
cause we did not separate out those 
with left anterior lesions as compared 
with right anterior lesions. Comparing 
overall right- and left-hemisphere le- 
sion groups does not usually show a 
statistically significant effect on the 
frequency of depression." 

Although we recognize that this is 
not a perfect study and that our data 
are limited by the lack of lesion verifi- 
cation in some patients and the fact 
that patients could not be precisely 
matched for all important variables, 
we did assess the potential impact of 
many of the important variables that 
could influence recovery in activities of 
daily living. 

Our study was conducted in a pre- 
dominantly lower socioeconomic class 
black population who could be reliably 
interviewed and who were physically 
able to return to the hospital outpa- 
tient clinic. Some of the most severely 
impaired patients or those with signif- 
icant comprehension deficits (presum- 
ably with posterior left-hemisphere 
lesions) were therefore not included 
and our findings may not be applicable 
to a more general stroke population. 
Thus, the findings in this study will 
need to be replicated in other groups of 
patients controlling for the same fac- 
tors that we have examined. 

Given these limitations, what infer- 
ences might be drawn from this study? 
First, the disparity in recovery be- 
tween depressed and nondepressed pa- 
tients was demonstrated in two of 
three subfactors on the JHFI. This 
suggests that depression may have a 
negative effect on both motor and lan- 
guage recovery. In addition, the dis- 
parity in recovery between depressed 
and nondepressed patients could not 
be explained by differences in demo- 
graphic or neurological characteris- 
tics, availability of specialized care, 
physical therapy, cognitive impair- 
ments, social functioning, or lesion size 
or location, suggesting that depression 
was a major factor influencing differ- 
ential recovery between groups. 

Another interesting implication of 
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this study is that, although major de- 
pression had spontaneously remitted 
in most patients by 2-year follow-up 
and some nondepressed patients had 
developed depression, the recovery in 
activities of daily living among pa- 
tients with major or minor depression 
lagged behind their nondepressed 
peers. This finding suggests that if the 
early impetus for physical recovery is 
lost (perhaps due to lack of motivation 
to participate actively in rehabilitative 
efforts), maximal levels of recovery 
may not be achieved even after the de- 
pression is alleviated. 

We have demonstrated in a prior 
publication that depression after suf- 
fering a stroke responds to treatment 
with the tricyclic antidepressant 
nortriptyline.” Moreover, Reding et 
al have reported that depressed pa- 
tients may have greater improvement 
in activities of daily living when 
treated with the antidepressant traza- 
done as opposed to treatment with 
placebo. It is possible, therefore, that 
the early recognition and treatment of 
poststroke depression may alleviate 
not only the emotional plight of stroke 
victims but may also facilitate the 
process of recovery in activities of 
daily living. 
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Patterns of Task-Related Slow Brain Potentials 


in Dyslexia 


Bernhard Landwehrmeyer, MD; Jiirgen Gerling, MD; Claus-W. Wallesch, MD, PhD 


è Six dyslexic youths who met the 
Hughes and Dencklia criteria of ‘‘dyslexia 
pure” and 10 normal control subjects were 
investigated with DC recordings of task- 
related cortical negativity using 10 leads 
over the right and left hemispheres. Po- 
tentials were recorded during the follow- 
ing tasks: reading, orthographic error de- 
tection, letter series, word assembly, 
word fluency, finding of antonyms, and 
viewing of Necker cubes. Both groups ex- 
hibited greater right hemisphere negativ- 
ity during the Necker cube task. Whereas 
controls revealed greater left hemisphere 
negativity during linguistic tasks, the re- 
verse was found with dyslexics. The right 
shift was pronounced with the reading, or- 
thographic error detection, and antonym 
conditions. Differences between the two 
groups were also found for the pattern of 
cortical distribution. We conclude that 
dyslexia is associated with changes in the 
lateral distribution of cortical activity dur- 
ing certain types of language processing. 

(Arch Neurol. 1990;47:791-797) 


t has been debated since Orton’s first 

suggestion in 1937! whether or not a 
neurological disorder—either damag- 
ing the left hemisphere or affecting 
hemispheric lateralization—underlies 
developmental dyslexia. Orton’s view 
has been supported by several find- 
ings: first, that the incidence of left- 
handedness is higher in dyslexic 
individuals*’; second, that the major- 
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ity of neuropsychological studies in- 
vestigating language dominance in 
dyslexics provide evidence of abnor- 
mal ear dominance in dichotic 
listening** (but cf other studies**); and 
third, that there is a diminished hemi- 
field superiority in  tachistoscopic 
reading tasks.” When Geschwind and 
Levitsky"! reestablished (compare, eg, 
Pfeifer'’’) the neuroanatomical corre- 
lates of left hemisphere language dom- 
inance, this led to a renewed interest in 
the neuroanatomical basis of develop- 
mental language disorders. 

With respect to development dys- 
lexia, two studies have been quite in- 
fluential. Galaburda and Kemper” 
were able to demonstrate left hemi- 
sphere cortical abnormalities in a de- 
ceased dyslexic, and Hier et al’ in a 
computed tomographic scan study 
found a reversal of cerebral asymme- 
try in a subgroup of 10 of 24 dyslexic 
subjects. In 4 of the subjects of Hier et 
al, a delayed speech development was 
present, and in an additional 2 left- 
handedness was noted. If we compare 
the data of Hier et al'* with those of 
Rosenberger and Hier’ with respect to 
asymmetry reversal and verbal intel- 
lectual deficits, it can hardly be decided 
whether the asymmetry corresponds 
to the reading or the verbal deficit. A 
replication of the study of Hier et al 
was not able to confirm the presence of 
an asymmetry reversal." 

There still is considerable contro- 
versy concerning the question raised 
by Orton as to which hemisphere dys- 
lexic subjects use to process linguistic, 
and especially written, material. Ac- 
cordingly, quite a number of studies 
have been launched to investigate the 
neurophysiology of this disorder. They 
can be separated into three major 
types. First are analyses of electroen- 
cephalographic (KEG) frequency spec- 


tra at rest.” These studies gave con- 
flicting results. Some’? reported an in- 
crease of low-frequency activity in the 
left parieto-occipital region in dyslex- 
ics, but this has not been confirmed by 
others.'®”° Second are analyses of EEG 
spectra during linguistic tasks.7” A 
well-controlled study by Galin et al” 
was unable to detect differences in the 
pattern of task-dependent asymme- 
tries between dyslexics and controls in 
a narrative and a block design test. 
Third are analyses of brain potentials 
related to a specific event.™™?* Bakker 
and Licht” investigated event-related 
potentials elicitated by the presenta- 
tion of words and reported differences 
between two types of dyslexia (“per- 
ceptual” vs “linguistic”) in the N1 
component. 

In the present study, event-related 
changes of slow surface negative po- 
tentials are used as a physiological 
measure correlated with cognitive pro- 
cessing. The late Richard Jung% de- 
veloped a technique for routine DC re- 
cording of slow event-related poten- 
tials, which we employ in this study. 
Methodological issues of the experi- 
mental procedure are discussed 
elsewhere.” 

It has to be noted that the analysis 
of EEG frequency spectra and the in- 
vestigation of slow event-related po- 
tentials aim at different aspects of ce- 
rebral electrical activity. Alpha waves 
are supposed to reflect cortical rest ac- 
tivity (“idling rhythm”) and are as- 
sumed to be paced by a thalamic 
mechanism.” Slow event-related po- 
tentials, on the other hand, are 
thought to reflect task-related changes 
in the amplitude of cortical surface 
negativity. Their amplitude can be in- 
vestigated directly by DC recordings 
from the scalp. The surface negativity 
is related to the total amount of 
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Table 1.—Demographic Data and Linguistic Performance of Six Dyslexics* 


Passage Reading 

------OQow-_---_~ 
Errors 

—_— 

Time,s Fict Paral 





Spelling Dictation 
Presentation Presentation 
o O —* 
IQ TT BD AR Oral Visual Oral Visual 








Subject No./ 
Age, y 






HN 


















1/14 R 104 49 9Q 10 4 5 2 2 160 17 6 
2/14 i 106 50 10 9 2 3 1 0 109 5 4 
3/13 R 92 60 12 8 7 4 1 0 146 5 6 
4/12 Rt 100 60 11 8 2 6 6 5 195 23 12 
5/14 R oo OO, 10°. 10°11 7 3 2 138 7 13 
6/14 R 94 50 11 8 14 9 1 (0) 181 13 10 






* All subjects (5 boys and 1 girl) were rated as dyslexic with normal intelligence and attentional and language 
functions. HN indicates handedness; IQ, progressive matrices IQ; TT, Token Test (according to Orgass**), num- 
ber of correct responses of 50; BD, Wechsler Adult Intelligence Scale (WAIS) block design score; AR, WAIS 
arithmetic score; Fict, inflectional errors; and Paral, paralexias (phonological and lexical). 

tFamilial sinistrality. 


Table 2.—Performance of Dyslexic Subjects in Written Reproduction 
of Same Short Story* 


Subject 


No. W/10 min Elis Add Subst VLM CVM Capit inflict iInterpct Other 





*W/ 10 min indicates number of words produced in 10 minutes; Elis, elisions of letters; Add, addition of let- 
ters; Subst, substitutions of letters; VLM, vowel length marking: there are intricate rules and irregularities in Ger- 
man concerning lengthening and shortening of vowels, including h-insertion or duplication of the following con- 
sonant; CVM, consonant voicing marking: errors concerning p/b, g/k, d/t contrasts: Capit, errors in the use 
of lowercase and capital initial letters; Infict, errors of inflection; Interpct, errors of punctuation; and Other, other 
errors, mostly letter transpositions, wrong lexical choices. 


Projector 
/ E 
Yy 
Ri 


Shutter 


Writing 
Pressure 


Trigger 


Trigger 
Signals 


16-Channel 
Amplifier 


Subject 


Experimenter 


postsynaptic excitation in the apical 
cortical layers,5%?! which contain 
large numbers of corticocortical con- 
nections. Excitatory postsynaptic po- 
tentials in upper cortical layers are 
generated to a large extent by cortico- 
cortical afferences.” Thus, an increase 
in surface negativity not only indicates 
that cortical areas under the recording 
sites are engaged in a given task, as is 
also shown by a reduction in alpha 
power, but also reflects the degree of 
cortical integrative activity. 


SUBJECTS AND METHODS 


Subjects investigated for the analysis of 
cerebral lateralization should suffer from 
“dyslexia pure’; ie, common accompany- 
ing symptoms of hyperactivity, dyscaleulia, 
and motor incoordination should be ruled 
out. As a substantial number of subjects 
labeled dyslexic suffer from either mild lin- 
guistic or intellectual deficits, the corre- 
sponding functions have to be controlled 
for. Second, subjects suitable for cognitive 
potential recording must be able to cooper- 
ate in a tiring and demanding experimental 
situation thorough enough to establish ar- 
tifact control. Conversely, the experimental 
setting must allow artifact-controlled re- 
cordings of slow cerebral potentials related 
to linguistic and other cognitive tasks. 

Subjects included in the present study 
were required to be 12 years of age or older; 
of normal intelligence, oral language devel- 
opment, and arithmetical abilities; and 


16-Channel 


Polygraph 


Tape Recorder 


16-Channel 
Averager 





Fig 1.—Experimental design. Subjects are seated in front of a back projection system or a computer screen. Signals are re- 
corded by surface scalp electrodes, amplified, and stored on a magnetic tape. In parallel they are registered on paper by a 
16-channel polygraph (Mingograph, Siemens). Low-pass filtering and averaging follow off line in a second procedure. EOG 


indicates electro-oculogram. 
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without attention deficits. They had to be 
rated as requiring special written language 
training for their dyslexia by qualified re- 
medial teachers. The local dyslexia society 
supported the present investigation by in- 
forming subjects who fulfilled these selec- 
tion criteria about our study. The subjects 
were previously unknown to us. Altogether, 
seven subjects (mean age, 14.1 years; range, 
12.7 to 15.2 years) consented to participate. 
One 12-year-old boy was excluded because 
of hyperactivity and mild neurological def- 
icits. The other six, five boys and one girl, 
were neurologically and behaviorally in- 
conspicuous. One boy was left-handed, and 
in another familial sinistrality was re- 
ported. Demographic and clinical data con- 
cerning the dyslexic subjects are presented 
in Table 1. 

Intellectual impairment was excluded by 
testing their performance with Progressive 
Matrices*; central linguistic deficits were 
ruled out by normal Token Test perfor- 
mance (cf Kinsbourne*). One 13-year-old 
boy, however, exhibited a few dysgrammat- 
ical errors in spontaneous speech when dis- 
tracted. No subject showed symptoms of 
dyscaleulia or constructive dyspraxia as 
assessed by the Arithmetic and Block De- 
sign subtests of the Wechsler Adult Intelli- 
gence Scale.” 

For assessment of written language per- 
formance, the “Neurolinguistische Unter- 
suchung der Schriftsprache” of De Langen™ 
was applied. All dyslexic subjects produced 
an abnormal number of errors in spelling of 
orally and visually presented single words 
(five words of increasing difficulty for each 
condition). Writing of single words to dic- 
tation and following visual presentation 
was clearly abnormal in three subjects. 
Five of six required an excessive time to 
read a short story aloud, and four produced 
an abnormal number of errors. 

Performance in written reproduction of 
the same story was diagnostic of a written 
language deficit in all cases (Table 2). The 
subjects were allocated 10 minutes for this 
task. Only two were severely impaired in 
speed of production. The subjects made 
23 to 57 errors. Especially frequent were 
elisions of letters, errors concerning the 
German rules of vowel length marking, and 
errors of punctuation. Visuoconstructive 
errors did not occur, and letter transposi- 
tions were rare. 

In summary, the subjects included in the 
present study exhibited the syndrome of 
“dyslexia pure” of moderate severity ac- 
cording to Hughes and Denckla.*° They were 
more than mildly impaired, but in no single 
case did the deficit reach an extreme degree. 
For the event-related potential analysis, 10 
normal youths (7 male, 3 female; 8 right-, 2 
left-handed; mean age, 15.2 years; range, 
13.1 to 16.7 years; mean Progressive Matri- 
ces IQ, 100; range, 82 to 120) with incon- 
spicuous oral and written language perfor- 
mance served as controls. 

The following tasks were included for 
slow potential recording. 

1. Reading.—The subject read silently 
single words of four to eight letters. Five of 
25 stimuli were graphotactically legal 
pseudowords. 

2. Orthographic error detection.—The 
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C,/Ohr 


Fig 2.— Slow negative potential for one electrode position (C,). The measurement consists of a 
baseline period of 3 seconds, a task period of 5 seconds, and a writing period of 5 seconds. Po- 


Writing 





tentials are averaged from 25 single runs. Ohr indicates ear. 
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Fig 3.—Slow negative potentials for one selected task for a dyslexic subject (top) and a control 
subject (bottom). Averaged potentials from frontal to parietal recording sites of the left hemisphere 
are given at the left, potentials of the right hemisphere at the right. The integral of the potential 
. recorded during the task period is marked with horizontal lines. Ohr indicates ears. 
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Fig 4.— Viewing of Necker figures as a visuospatial task. Top, Results for dyslexic subjects; bot- 
tom, control subjects. Each column gives the mean surface negativity during the task period (nor- 
malized to 1 second) at each electrode position (frontal to parietal; left-sided leads marked by 3; 


right-sided leads marked by 4). 


Potential, u.Vseconds 


Potential, uVseconds 


Dyslexics 


Controls 





Fig 5.—Mean surface electronegativity, normalized to 1 second, at each electrode position dur- 
ing language tasks. Grand average of all language tasks. Specifications are as in Fig 4. 


subject tried to detect and, following the 
performance period, correct orthographic 
errors in six- to nine-letter words. The er- 
rors consisted of incorrect vowel length 
markings and minimal-contrast consonant 
exchanges (eg, d for f). 

3. Letter series.—Nine letters forming a 
common word were presented in succession 
with an exposure time of 0.8 seconds each. 

4. Word assembly.—Four randomly ar- 
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ranged letters that could be assembled to 
form a common word were presented and 
the subject was required to arrange them. 

5. Word fluency.—The subject had to 
produce a word to a given initial. 

6. Antonyms.—The subject was required 
to find the antonym to an acoustically pre- 
sented word. 

7. Necker cubes.—These were presented 
on the screen. The subject was required to 
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Fig 6.—Mean hemispheric differences of cor- 
tical electronegativity during language tasks. 
All six language tasks averaged. Each column 
shows the mean electrical difference at corre- 
sponding electrode positions over the right and 
left hemispheres. Results are shown for five 
locations (F to P) from anterior to posterior. 
Positive values show a lateralization to the left, 
negative values to the right hemisphere. Solid 
bars indicate controls; shaded bars, dyslexics. 


alter the perspective of the cube mentally. 

The first condition was designed to inves- 
tigate reading alone of functions related to 
written language processing. Task 2 was 
related to one major problem dyslexics face 
in written language production: the ortho- 
graphically correct representation of a 
given word. Task 3 was intended to investi- 
gate to some extent phonological awareness 
and phonological memory span, both hav- 
ing been reported as being impaired in 
dyslexics.” Tasks 4 and 5 were thought to 
involve metalinguistic abilities such as lin- 
guistic flexibility and creativity in addition. 
Task 6 was regarded as assessing lexical 
functions independent of the written mo- 
dality, and task 7 was a nonverbal visuo- 
constructive control task proven to be sen- 
sitive for right-hemisphere processing and 
right-hemisphere task-related negativity.” 
Twenty-five items were presented for each 
task. 

Figure 1 shows the experimental setting. 
The subjects were seated in front of a back 
projection system (task 7) or a standard 
(Philips) 20-in computer screen. The EEG 
potential shifts were recorded by nonpolar- 
izable silver-silver chloride surface scalp 
electrodes over symmetrical brain regions 
using both ears for reference. The elec- 
trodes were placed bilaterally over the 
frontal (F, and F,), central (C, and C,), tem- 
poral (T, and T,), and parieto-temporal (PT, 
and PT,) regions. The resistance of the skin 
was reduced below 2 kQ. The slow negative 
potentials were recorded either with a time 
constant of 5 seconds or as DC potentials. 
Horizontal and vertical eye movements 
were recorded in separate channels to con- 
trol for artifacts caused by shifts of the 
retinocorneal dipole. 

The EEG signals were then amplified, 
filtered (low-pass filter of 2.5 Hz), and 
stored on a 14-channel magnetic tape (Am- 
pex). Parallel to this, the potentials were 
registered on paper by a 16-channel poly- 
graph (Mingograph, Siemens). 

One task consisted of a set of 20 or more 
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Fig 7.—Right-left differences for all six language tasks separately. Each column shows the mean electrical difference at cor- 
responding electrode positions over the right and left hemispheres. Positive values show a lateralization to the left, negative 


values a lateralization to the right. Solid bars indicate controls; shaded bars, dyslexics. 


single runs. Each run started with an acous- 
tic stimulus demanding visual fixation. This 
was followed by a variable latency preced- 
ing the measurement period to reduce a 
contingent negative variation. The mea- 
surement period consisted of a baseline pe- 
riod of 3 seconds, a task period of 5 seconds 
in which the stimulus was presented, and a 
writing period in which responses were 
produced (Fig 2). 

During the task and writing periods, the 
surface potentials consistently showed a 
negativity of 5 to 20 uV in comparison with 
the baseline period. Signal-to-noise ratio 
was improved by averaging 20 to 25 runs for 
each condition. Artifact-free and correctly 
solved runs were identified off line by the 
experimenters and selected for the averag- 
ing process. The integral between the aver- 
aged potential curves and the baseline was 
determined as a quantitative measure for 
potential size. Figure 3 shows examples of 
averaged potentials recorded in one task for 
a dyslexic and a control subject. 

As one aim of the present study was to 
investigate lateralization of scalp surface 
negativity during cognitive tasks, a mea- 
surement for this had to be defined. On the 
basis of previous experience,” a potential 
difference integral between homonymous 
leads exceeding 5 u Vseconds was considered 
to indicate an unequivocal preponderance 
of one side (lateralization). If an unequivo- 
cal preponderance of one side occurred in 
more than half of the lead pairs (ie, three of 


Arch Neurol—Vol 47, July 1990 


five), the task used was considered to re- 
quire lateralized cortical activation in the 
subject tested and was hence called lateral- 
ized. 

To compare differences between dyslexics 
and controls statistically, t tests were cal- 
culated on a Micro-Vax computer using 
BMPD programs. 


RESULTS 
Visuospatial Task 


The viewing of the reversal of 
Necker figures was used as a visuospa- 
tial task for dyslexics and normal 
readers. Slow brain potentials were 
recorded before, during, and after the 
presentation of Necker figures. The 
negativity recorded during the task 
period indicates the degree of cortical 
activation under the recording site. 
The results are shown in Fig 4. Each 
column represents the mean cortical 
electronegativity at different electrode 
positions. With the exception of cen- 
tral leads for dyslexics and temporal 
leads for controls, both groups showed 
an overall greater negativity over 
right-sided leads. For both groups the 
largest hemispheric differences were 
found over frontal, parietotemporal, 
and parietal regions. Dyslexics and 
control subjects did not differ in the 


Potential, uVseconds 


6 
Mean Left Leads Mean Right Leads 





Fig 8.—Grand average over all language 
tasks. Comparison of right- and left-sided uni- 
polar leads. Solid columns show the mean 
electronegativity of control subjects; shaded 
columns, the mean electronegativity of dys- 
lexic subjects. SEMs are given above bars. 
Asterisk indicates P < .05. 


distribution and amplitude of surface 
negativity when alternating Necker 
cubes. 


Language Tasks 


There was a striking difference be- 
tween experimental groups when com- 
pared for linguistic tasks. In Fig 5 the 
mean electronegativity at each elec- 
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trode position is presented. In controls, 
larger potentials over the left hemi- 
sphere occurred, whereas in the dys- 
lexics the potentials on the right side 
dominated. This is best shown in bipo- 
lar leads (Fig 6). Each column shows 
the mean electrical difference in mi- 
crovoltseconds at corresponding elec- 
trode positions over the right and left 
hemispheres. Positive values indicate 
a preponderance of the left side, nega- 
tive values of the right side. In grand 
average over all six oral or written 
language-related conditions, the dys- 
lexic subjects exhibited a task-related 
right-hemisphere negativity in the 
range of —3.5 uVseconds (parietal) to 
—9.6 uVseconds (temporal) over all re- 
gions investigated in the present 
study, whereas in normal readers a 
greater negativity was likewise 
present with the left-sided electrodes 
(from +4.0 to +10.2 u.Vseconds). Right- 
left differences were significant (P 
<.05) for the central, temporal, pari- 
etotemporal, and parietal regions. 

In Fig 7, the results for the individ- 
ual six language tasks are shown. For 
all six language-related conditions we 
found a larger cortical electronegativ- 
ity over the right hemisphere for dys- 
lexics and over the left hemisphere for 
normal readers. The degree of the con- 
tribution of the right and left sides was 
dependent on the type of the task. The 
differences are most pronounced with 
the antonym, the reading, and the or- 
thographic error detection conditions, 
in each of which significant differences 
were found over three regions: central, 
temporal, and parietotemporal with 
the written language conditions, and 
frontal, central, and temporal with the 
lexical task. With the other language 
tasks only regional differences could be 
established: a temporal one with the 
word fluency task, a central one with 
letter assembly, and a frontal one with 
word assembly (Fig 7). 

This tendency toward reversal of 
normal lateralization of cortical nega- 
tivity in dyslexics could be due either 
to a larger than normal surface nega- 
tivity over the right or to a decreased 
negativity over the left hemisphere. 
The average surface negativity during 
linguistic tasks over the right 
hemisphere of dyslexics (10.1 + 4.6 
uVseconds mean + SEM) was found to 
be insignificantly larger than that of 
controls (7.1 + 2.2 uVseconds; Fig 8). 
In contrast, over the left hemisphere a 
significant difference in surface nega- 
tivity was found; the surface negativ- 
ity in dyslexics was significantly 
smaller (1.2 + 3.9 wVseconds) than 
in controls (12.1 +2.2 uVseconds; 
P<.018). This indicates that the ob- 
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served change in hemispheric domi- 
nance in dyslexics is mainly caused by 
the reduction of cortical activity in the 
left hemisphere. 


Interindividual Variability and Diagnostic 
Issues 


Single subject recordings were clas- 
sified into those tasks lateralized to the 
left or right when three or more lead 
pairs showed evidence of a clear pre- 
ponderance of one side (see “Subjects 
and Methods’ section) and those equiv- 
ocal (fewer than three lateralized in 
one direction). For these criteria most 
individual task recordings were rated 
as equivocal or inconclusive for later- 
ality. A diagnostic separation was 
achieved only when all language tasks 
were combined for a post hoc analysis. 
For “all language tasks,” 7 of 10 con- 
trol subjects demonstrated clear signs 
of left lateralization, while 5 of 6 dys- 
lexics showed a right-sided lateraliza- 
tion. 


COMMENT 


There is still remarkable contro- 
versy in the literature as to whether or 
not there are EEG abnormalities re- 
lated to the presence of developmental 
dyslexia. As is stressed both by Duffy 
et al” and Galin et al,” only those 
studies can be considered that re- 
stricted the subjects to cases of dys- 
lexia pure. Of these, the recent and 
methodologically very sound investi- 
gation of Galin et al” failed to find ab- 
normal alpha asymmetries during a 
narrative and a block design task in 
dyslexic subjects. 

The study of Duffy et al,” however, 
reports abnormalities in the EEG not 
only during verbal but also during 
nonverbal tasks (eg, Kimura” figures). 
The discriminating power, however, 
was far greater for the potentials re- 
corded under a verbal P300 paradigm.” 
In fact, when a correction is made for 
the number of observations, signifi- 
cance can only be assigned to differ- 
ences between dyslexics and controls 
under the TT condition (“tight” vs 
“tyke” discrimination). Our data cor- 
roborate the findings of Duffy and his 
collaborators. The dyslexic subjects 
investigated in the present study 
showed evidence of an abnormal later- 
alization of task-related brain poten- 
tials that was present with linguistic 
tasks regardless of whether they in- 
volved written material or not, but not 
with a visuospatial control condition. 
The normal distribution of negativity 
during the visuospatial task contra- 
dicts the proposal of Witelson,® that 
an abnormal lateralization of spatial 
functions interfering with language 


processing in the left hemisphere may 
underlie dyslexia. 

Our data and the data of Galin et al” 
showing no difference in the distribu- 
tion of alpha reduction during a nar- 
rative and a visuoconstructive task in 
dyslexics need not be in conflict, al- 
though both studies investigated sim- 
ilar dyslexic subjects (pure dyslexics of 
adolescent age). An increase in surface 
negativity must be viewed as an 
epiphenomenon of corticocortical in- 
teractions linked to task-related pro- 
cessing, with a decrease in alpha power 
indicating a desynchronized thalamo- 
cortical input. We assume that in the 
case of an intact thalamocortical pro- 
jection system there is desynchroniza- 
tion even in the presence of dysfunc- 
tional cortical processors. Our finding 
of a reduced surface negativity over 
the left hemisphere is consistent with 
this view. This dissociation of normal 
preparation to act, as evidenced by al- 
pha reduction on the left, and lack of 
an increase of cortical negativity in the 
same region could indeed be a key toa 
functional understanding of dyslexia. 

Our proposal of dysfunctional corti- 
cal regions in the left hemisphere is 
supported by the demonstration of 
cortical malformations mainly in the 
left perisylvian area in deceased dys- 
lexics by Galaburda et al.® Within the 
framework of the typology of dyslexia 
models of Hiscock and Kinsbourne,*! 
our theory is a unilateral deficit model. 
We propose a left-hemisphere cortical 
deficit that is associated with an intact 
thalamocortical projection system. 

The individual results show consid- 
erable variability over tasks in the 
present study. Each dyslexic subject 
exhibited a greater right-sided nega- 
tivity for most, but never for all, lin- 
guistic tasks, whereas controls, with 
one exception, showed quite constant 
patterns over tasks of more or less 
strong left lateralization. The increase 
in surface negativity at all recording 
sites during the task periods of all 
conditions indicates that no task is 
performed by any single area of the 
brain. It is suggested that many locally 
represented elementary operations 
are involved in even a simple cognitive 
task and that coordinated sets of dis- 
tributed brain areas are activated dur- 
ing its performance. A number of the 
physiological correlates of these local 
operations are picked up by the record- 
ing of surface negativity and form the 
basis of task-dependent local differ- 
ences in surface negativity. In the 
presence of a unilateral regional corti- 
cal dysfunction, a variation in recruit- 
ing right or left hemispheric regions 
for various tasks of language process- 
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ing seems quite plausible and would 
indeed have been predicted. It seems 
unlikely that the incongruity of results 
in the various tasks in dyslexics results 
from a generally less pronounced lat- 
eralization of linguistic processing, as 
has been suggested by Annett and 
Kilshaw.’ In this case a greater differ- 
ence in the number of equivocal re- 
cordings between dyslexics and con- 
trols would have been expected. 

Although, with one exception, our 
subjects did not exhibit signs of oral 
language problems, the electrophysio- 
logical data strongly suggest that the 
abnormalities are not restricted to 
written language processing. This is in 
line with the notion that, at least in a 
number of subjects, dyslexia is based 
on an impairment of supramodal lin- 
guistic processes.” This disorder, ob- 
vious only in the quite elaborate pro- 
cesses involved in reading and espe- 
cially writing, may correspond to the 
visible tip of an iceberg. 


This investigation was supported in part by 
grants SFB 325/C6 and C7 from the Deutsche 
Forschangsgemeimschalt. 
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ANNUAL MEETING AND COURSES 


American Electroencephalographic Society 
September 22-26, 1990 
Houston, Texas 


The Annual Meeting of the Society will be held September 22-24 at the Westin Galleria in 
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Techniques in the Diagnosis and Management of Epilepsy, Problems in Pediatric Clinical 
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The Annual Courses of the Society will be held September 25 and 26 at the Westin Galleria. 
Courses include: Basic EEG (full-day), Pediatric Epileptic Syndrome, Evoked Potentials, 
Monitoring in Clinical Neurophysiology and Epilepsy, and Magnetism in Clinical Neuro- 


physiology. 
For more information, contact: 


Jacquelyn T. Coleman, Executive Director 
American Electroencephalographic Society 
P.O. Box 30 
Bloomfield, CT 06002 
(203) 243-3977 
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Efficacy of a 1- to 3-Day Ambulatory 
EKlectroencephalogram in Recording Epileptic Seizures 


Arja Tuunainen, MD; Unto Nousiainen, MD; Esa Mervaala, MD; Paavo Riekkinen, MD 


è The duration of an ambulatory elec- 
troencephalogram (aEEG) necessary to 
record epileptic seizures was studied in 
neurological patients. A total of 2221 
aEEG recordings were made for 2035 
inpatients. Ambulatory EEG lasting 1 to 8 
days (mean, 1.6 days) included seizures or 
typical undiagnosed symptomatic attacks 
in 750 recordings (34%), and 266 of them 
were epileptic in origin. Symptomatic at- 
tacks without simultaneous EEG dis- 
charges were exhibited in 27% of the ep- 
ileptic patients. Of the total number of ep- 
ileptic seizures, 81% were encountered 
during the first 24 hours, an additional 
10% during the next 24 hours, and 7% 
during the third 24-hour period. Our con- 
clusion was that, in patients exhibiting ep- 
ileptic seizures during the aEEG recording, 
the diagnosis will be confirmed by a 2-day 
recording in the vast majority of the cases. 

(Arch Neurol. 1990;47:799-800) 


bout 50% of epileptic patients have 
“epileptiform” abnormalities in 
their initial electroencephalograms 
(EEGs), and an additional 25% will 
show epileptic activity only after sev- 
eral routine recordings.'? The major 
disadvantage of a routine EEG in mak- 
ing the diagnosis of epilepsy is that a 
normal interictal recording cannot 
rule out a seizure disorder. 

Routine EEG alone may record sei- 
zures in 2.5% to 7% of the patients.*“ 
The addition of videotelemetric moni- 
toring may document seizures in 11% 
of the patients.’ Ambulatory cassette 
EEG has been said to have 20 times the 
probability of detecting ictal events 
compared with a routine EEG,‘ thus 
enhancing the possibility of confirm- 
ing a diagnosis of epilepsy.”'° In clini- 
cal practice, intensive monitoring and 
ictal EEG recordings will result in a 
change and possibly in an improved 
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condition in 50% to 100% of epileptic 
patients.!'" 

It has been suggested that only those 
patients with symptomatic attacks oc- 
curring at least once a week would 
have an increased yield from ambula- 
tory EEG (aEKEG) or routine EEG." 
Since aEKG recordings usually last 24 
hours,*'* it would be of great value to 
have a recommendation for the opti- 
mal aEEG duration. For this purpose, 
we analyzed all the aEEG recordings 
made in our EKG laboratory during 
the last 5 years to assess the duration 
of an aEEG necessary to record pa- 
tients’ habitual seizures. 


PATIENTS AND METHODS 


We reanalyzed 2221 aEEG recordings 
made for 2035 inpatients in Vaajasalo Hos- 
pital, Kuopio, Finland (National Epilepsy 
Center of Finland) during the years 1983 
through 1987. The patients were admitted 
for investigation of repeated spontaneous 
seizures or symptomatic attacks of sus- 
pected epileptic or other origin. The pa- 
tients consisted of 1038 men and 997 women 
(51% and 49%, respectively), and their ages 
ranged from 2 months to 89 years (mean, 37 
years). Forty-eight percent of the patients 
belonged to the age group, 21 to 40 years 
(Fig 1). 

All the patients were examined by neu- 
rologists who also referred them for an 
aEKG. Routine investigations included lab- 
oratory tests, routine EEGs, resting elec- 
trocardiograms and, for the majority, com- 
puted tomograms. The serum concentra- 
tions of antiepileptic drugs were monitored 
routinely. Videotelemetry was performed 
when necessary to capture ictal symptoms. 

The aEEG recordings were performed 
either with 4- (29%) or 8- (71%) channel 
cassette recorders (Oxford Medilog, Oxon, 
England) in hospital conditions, using one 
channel for electrocardiograms in the mod- 
ified positions leads V2 and V4. The EEG 
montage most commonly used was bipolar 
bitemporal, with either two (F,-T,, F,-T;) or 
seven (F',-T,, T,-T,, F,-C,, F,-T;, T3-T;, F3-C;, 
C,-O,) channels, the remaining channel car- 
rying an accurate 50-Hz time clock and 
event marker. In 1983, all the recordings 
were performed with 4-channel recorders 
that gradually were replaced by 8-channel 
recorders and, in 1987, all the recordings 
were made with 8-channel recorders. The 
patients kept a diary of all the normal daily 
activities and symptoms, advised and ful- 
filled by trained nurses on the ward. The 
mean duration of the recording was 1.6 days 
(range, 1 to 8 days). The distribution of the 


recordings according to their duration is 
shown in Fig 2. The aEEG recording was 
repeated in 186 patients (9%) in order to 
detect ictal events. 

Seizures were confirmed to be epileptic if 
EEG discharges (spikes, sharp waves, or 
spike and wave complexes) lasting more 
than 3 seconds were associated with an an- 
nouncement in the patients’ diary and/ 
or with a push button. The tapes were 
screened by physicians at 20 to 60 times real 
time throughout the first 24 hours, and, in 
extended recordings, only the ictal epochs 
were screened. In 1987, we started to ana- 
lyze only the reported clinical events and an 
epoch of the first hour of sleep. All ictal 
events or any indistinct periods on the tapes 
were screened at 20 times real time. 


RESULTS 


The most common reasons for refer- 
ral to aEEG were the differential di- 
agnosis between epileptic and nonepi- 
leptic attacks (eg, syncope, other 
cardiogenic attacks, pseudoepileptic 
seizures) and classification of epileptic 
seizures. The most common seizure 
types were complex partial and the 
generalized tonic-clonic seizures. 

The analysis of 2221 recordings (for 
2035 inpatients) showed that either 
habitual seizures or typical symptom- 
atic attacks were found in 750 record- 
ings (34%). In 266 (35%) of the 750 
symptomatic recordings, seizures were 
accompanied by simultaneous EEG 
discharges that thus confirmed the ep- 
ileptic nature of these attacks. From 
these 266 recordings, the temporal dis- 
tribution of habitual seizures was fur- 
ther evaluated. From the total number 
of 769 epileptic seizures, 620 (81%) 
were encountered during the first 24 
hours, 703 (91%) during the first 48 
hours, and 754 (98% ) during the first 72 
hours of the recording. 

Attacks or seizures without EEG 
discharges were obtained in 548 (73% ) 
of the 750 symptomatic recordings. 
The number of epileptic patients hav- 
ing symptomatic attacks during the 
recording without EEG changes was 
27%. Twenty-eight recordings (1.4% ) 
had to be excluded from the study due 
to technically unsatisfactory results. 


COMMENT 


From a clinical point of view, our 
study demonstrates three significant 
observations. (1) An ambulatory EEG 
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Fig 1.—Age groups of the patients referred for an ambulatory electroencephalographic record- 


ing. 





Fig 2.—Duration of the ambulatory electroencephalographic recording. Total number of record- 
ings equals 2221. 


lasting 1 to 8 days (mean, 1.6 days) will 
detect ictal events in one third of the 
neurological inpatients recorded for 
symptomatic attacks of either epilep- 
tic or other unknown origin. (2) Based 
on ictal aEEG recordings, one quarter 
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of the epileptic patients exhibit sei- 
zures without EEG discharges. (3) Ep- 
ileptic seizures occur in over 90% of 
the epileptic patients during the first 
48-hour recording period. 

We found symptomatic attacks in 
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Ipsilateral Extinction in the Hemineglect Syndrome 


Todd E. Feinberg, MD; Laurence D. Haber, MD; Charles B. Stacy, MD 


è Data suggest right-hemisphere domi- 
nance for attention. Right-hemisphere le- 
sions reduce attentional capacity that may 
manifest as neglect or extinction. Atten- 
tion can be assessed with the Face-Hand 
Test where touch on the face may extin- 
guish simultaneous touch on the hand. Ex- 
tinction ipsilateral to unilateral lesions 
suggests abnormal attention to ipsilateral 
hemispace. We tested patients with left- 
and right-hemisphere lesions without ne- 
glect and right-hemisphere lesions with 
neglect with stimuli applied exclusively ip- 
silateral to lesions. In experiment 1, stim- 
uli were applied in face-hand combina- 
tions. In experiment 2, the Face-Hand Test 
was ranked from O (no extinction) to 7 
(marked extinction) using progressively 
greater stimulation. In both experiments, 
right-hemisphere patients with neglect 
made significantly more errors than left- 
hemisphere patients without neglect. 
These data support models of bidirec- 
tional right-hemisphere attentional domi- 
nance. 

(Arch Neurol. 1990;47:802-804) 


(Converging lines of evidence suggest 

that the right (nondominant) 
hemisphere has a primary role in the 
distribution of attention. A model 
has emerged from these studies that 
suggests that although the left hemi- 
sphere is attentive solely to right 
hemispace, the right hemisphere can 
direct attention to both the left and 
right hemispace. This model predicts 
that whereas neglect may occur with 
lesions of either hemisphere, only 
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right-hemisphere lesions will produce 
ipsilateral neglect. 

The method of Double Simultaneous 
Stimulation (DSS) was first demon- 
strated in dogs by Loeb*®’ and in hu- 
mans by Oppenheim.*’ It is employed 
to demonstrate perceptual deficits not 
demonstrable by single stimulation. 
The disappearance from awareness of 
a stimulus when it is presented with 
another stimulus that is perceived is 
termed extinction. Extinction is com- 
monly demonstrated on the side of the 
body contralateral to unilateral brain 
lesions, and in this circumstance may 
be viewed as a form of neglect.'°'’ A 
special instance of extinction can be 
demonstrated using the Face-Hand 
Test (FHT) in which the face and hand 
on the same or opposite sides of the 
body are simultaneously stimulated. 
In conditions of diffuse cerebral dys- 
function from any etiology one may be 
able to demonstrate extinction of the 
hand stimulus.'*?! Extinction in this 
circumstance may occur if attentional 
processes are abnormal.”°?! When ex- 
tinction is caused by a bilateral or dif- 
fuse cerebral disorder it is not lateral- 
ized to either side of the body or 
hemispace. If a model of right-hemi- 
sphere dominance for bidirectional at- 
tention is correct, one would predict 
hand extinction on the FHT ipsilateral 
to unilateral right, but not with regard 
to left-hemisphere lesions. 


PATIENTS AND METHODS 


A consecutive series of neurology inpa- 
tients with acute unilateral hemispheric 
strokes were examined for neglect within 3 
weeks of onset. Patients had to be mentally 
alert, cooperative, and able to understand 
the nature of the tasks. Seven patients with 
right-hemisphere and five patients with 
left-hemisphere lesions were excluded on 
this basis. A line bisection task and the 40- 
line cancellation task of Albert” were ad- 
ministered. The criteria were established 


such that in the line bisection task, if the 
point of bisection was 25 mm or greater 
from the line midpoint, the patient was 
deemed to show neglect. On the line cancel- 
lation task, total errors on each side of the 
page were calculated; if the difference be- 
tween the two sides was equal to or greater 
than 10 errors, the patient was deemed to 
show neglect of the side with more errors. 
A patient who showed neglect on either 
task was included in the neglect-positive 
group. 

The patients were classified into three 
groups: right-hemisphere neglect (RHN), 
right hemisphere without neglect (RHWN), 
and left hemisphere without neglect 
(LHWN). No patient with a left-hemi- 
sphere lesion displayed neglect as defined 
by the criteria of this study, confirming the 
lower incidence and severity of hemispa- 
tial neglect after left-sided cerebral le- 
sions.*'*3 There were eight patients in 
each group. The three groups did not differ 
in mean age, sex, or duration of illness. 

Two experiments were performed. Ex- 
periment 1 was carried out with the pa- 
tient’s eyes closed. The patient’s hands were 
placed on the legs if the patient was in the 
lying position or on the knees if sitting. The 
patient was instructed to “tell me where I 
touch you.” There were 30 touch trials, 10 
each of the face alone, hand alone, or face 
and hand simultaneously. All stimuli were 
applied ipsilateral to lesions to avoid the 
confounding effects of the sensory and mo- 
tor impairments that were present con- 
tralateral to lesions. Extinction of the hand 
was recorded and total errors were tabu- 
lated for the three groups. 

In experiment 2, the patients were tested 
on a series of tasks using progressively 
greater stimulation (Table 1). In sequence, 
patients were tested with: (1) eyes closed 
with no warning that two stimuli would be 
applied; (2) eyes closed with warning that 
two stimuli would be applied; (3) eyes closed 
with warning of two stimuli, but pin instead 
of finger applied to the patient’s hand; (4) 
eyes open and fingers as stimuli; (5) eyes 
open, but the examiner’s face stimulated 
instead of the patient’s face; (6) eyes open, 
examiner’s face stimulated, but patient’s 
hand stimulated with pin rather than fin- 
ger; and (7) eyes closed, keys jingled in the 
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Table 1.—Extinction Trials Used in Experiment 1 


Instructions 


Close your eyes, tell me where | 
touch you? 


| am going to touch you in two places Face, hand, or both Fingers 


Face, hand, or both 


Parts Stimulated Stimulus 


Fingers 


| am going to touch you in two places Face, hand Finger, pin 


Look at me (eyes open) 
Look at me (eyes open) 
Look at me (eyes open) 


Close your eyes, tell me what is 
happening? 


midline, and the patients hand stimulated 
with pin. 

There were seven levels; extinction on 
three consecutive DSS trials at a given level 
led to testing at the next level. The highest 
level reached served as the patient’s score 
on this task, since previous experience has 
shown that patients who correctly perform 
a task at a given level will invariably 
succeed at tasks of higher levels. A higher 
score represents a greater degree of ipsi- 
lateral extinction in this test. 


RESULTS 


The three groups did not differ in the 
number of days after onset that testing 
took place (LHWN, 7 + 2; RHWN, 
7+2; RHN, 7+1; mean+SEM). We 
performed a one-way analysis of vari- 
ance on both the number of errors in 
experiment 1, as well as with regard to 
extinction level in experiment 2. Re- 
sults indicated overall initial signifi- 
cant differences among the three 
groups for both experiments: [F (2,21) 
= 7.40, P = .004; F(2,21) = 5.054, P = 
.016]. Based on these results, individ- 
ual F tests, using the pooled error 
term, were performed among the three 
groups means in each study to detect 
the actual source of the significant dif- 
ferences. In experiment 1, patients 
with RHN made a significantly higher 
number of errors than members of the 
LHWN group [F(1,21) = 13.93; 
P = .001] (see Table 2 for means and 
SDs for all groups in both studies). 
Similarly, patients with RHN also 
made significantly more errors than 
patients with RHWN [F(1,21) = 7.17; 
P = 014]. No differences in mean er- 
rors were found between patients with 
LHWN and RHWN [F(1,21) = 1.11; 
P> .30]. 

In experiment 2, somewhat similar 
results were obtained. Patients with 
RHN reached a significantly higher 
level as compared with LHWN pa- 
tients [F(1,21) = 10.04; P < .005]. Asin 
experiment 1, patients with RHWN 
performed better than patients with 
RHN although this difference was only 
marginally significant [F(1,21) = 3.28; 
P <.08]. No difference was found be- 
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Face, hand, or both 

Examiners face, patient's hand 

Examiners face, patient's hand 

Auditory, midline, patient's hand 


Fingers 

Finger, finger 

Finger, pin 

Jingle keys, 
pin 





tween patients with RHWN and 
LHWN [F(1,21) = 1.84; P > .19]. 


COMMENT 


The method of DSS has two princi- 
ple applications in the clinical neuro- 
logical examination. Perceptual disor- 
ders may be detectable in certain pa- 
tients only when opposite homologous 
regions of the tactile, visual, or audi- 
tory fields are simultaneously stimu- 
lated. In the setting of a cerebral 
lesion, extinction occurs in the con- 
tralateral field. In the case of the 
FHT, extinction of the hand relative to 
the face occurs in a nonlateralized 
fashion and can be taken as evidence of 
diffuse cerebral dysfunction.'*?! Many 
factors have been shown both to pro- 
mote extinction with bilateral DSS 
and to influence the resultant grade of 
the FHT, including the mode, inten- 
sity, and timing of the stimuli, the 
quality of attention, and the presence 
of diffuse cerebral dysfunction. The 
primary importance of attentional 
factors in conditions producing ex- 
tinction was particularly noted by 
Critchley'*** who classified these as in- 
stances of tactile inattention. 

Extinction to DSS of an extremity or 
visual field contralateral to a unilat- 
eral cerebral lesion is a common and 
expected finding. Extinction on the 
FHT ipsilateral to a unilateral cere- 
bral lesion implies an attentional dis- 
turbance for ipsilateral hemispace, 
since there is no primary sensory dis- 
turbance to account for the failure in 
perception. In this study, when we ex- 
amined patients with hemispatial ne- 
glect, we were able to demonstrate ip- 
silateral extinction on the FHT when 
this group was compared with patients 
with LHWN. This suggests that pa- 
tients with RHN are inattentive to 
both sides of space. To our knowledge, 
this is the first demonstration of this 
effect using the FHT. 

When patients with RHN were com- 
pared with patients with RHWN, the 
neglect group did significantly worse 
than the RHWN group in experiment 


Table 2.—Results of Experiments 1 
and 2° 


Experiments Mean (SD) 
OC ee OOO 






Groups 1, Errors 2, Levels 
RHN 6.75 (3.49) 2.38 (1.19) 
RHWN 2.63 (3.74) 1.38 (1.19) 
LHWN 1.00 (1.51) 0.63 (0.92) 








* RHN indicates right-hemisphere neglect; RHWN, 
right hemisphere without neglect; and LHWN, left 
hemisphere without neglect. 


1, and a trend in the same direction 
was found in experiment 2. It thus ap- 
pears that the presence of contralat- 
eral hemispatial neglect, and not sim- 
ply right hemisphere dysfunction 
alone, is the best predictor of the 
appearance of ipsilateral neglect. 

It has been suggested that whereas 
the left hemisphere can direct atten- 
tion to contralateral hemispace, the 
right hemisphere has the ability to di- 
rect attention to both ipsilateral and 
contralateral hemispace.’> Heilman 
and Van Den Abell! found that a visual 
stimulus presented to the right hemi- 
sphere reduced reaction time to a sub- 
sequent stimulus in both hands, 
whereas a warning stimulus presented 
to the left hemisphere reduced reac- 
tion time to the right hand only. They 
also showed that in normal subjects 
the electroencephalogram of the right 
hemisphere desynchronized to visual 
stimuli presented in the left and right 
hemifields, while an electroencephalo- 
gram of the left parietal lobe desyn- 
chronized only to right-sided stimuli.’ 
Subsequent studies using positron 
emission tomography have confirmed 
that the right hemisphere can be acti- 
vated by stimuli regardless of the side 
of stimulation, whereas the left hemi- 
sphere requires right hemispace stim- 
ulation to be activated.” 

Critchley’ noted that patients with 
unilateral parietal lesions, under the 
conditions of DSS, may show inatten- 
tion not only to the affected side of the 
body but also to the normal side. When 
Weintraub and Mesulam* compared 
patients with unilateral right-hemi- 
sphere lesions, unilateral left-hemi- 
sphere lesions, and control subjects, 
patients with right-hemisphere le- 
sions demonstrated on a cancellation 
task not only contralateral neglect but 
also demonstrated neglect of ipsilat- 
eral stimuli. Similar findings were re- 
ported by De Renzi et al% in a study of 
auditory neglect. These investigators 
found neglect of auditory stimulation 
in the ear contralateral to unilateral 
right-hemisphere lesions and neglect 
of stimuli in the ipsilateral ear in some 
patients as well. This finding of ipsi- 


Ipsilateral Extinction—Feinberg et al 803 


lateral neglect occurred only in those 
patients with damage to the right side 
of the brain and contralateral neglect, 
and did not occur in those subjects 
with unilateral left-hemisphere le- 
sions or in patients with right-hemi- 
sphere lesions who did not display au- 
ditory neglect. Their findings are in 
complete accord with our findings of 
ipsilateral extinction in subjects with 
damage to the right side of the brain 
with neglect, but not in subjects with 
damage to the right side of the brain 
without neglect, or in patients with 
left-hemisphere lesions. 

A shortcoming of this study is that 
we did not perform specific tests of 
overall level of performance, and it 
could be argued that the inattention 
patients with RHN demonstrated re- 
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flected a generalized cognitive impair- 
ment. However, all patients were rea- 
sonably alert, cooperative, and able to 
follow instructions, and no appreciable 
differences between groups were evi- 
dent in this regard. Also, the experi- 
ment by Weintraub and Mesulam,° 
which had findings similar to ours, did 
have such internal controls and found 
that generalized slowness of response 
did not account for the problems en- 
countered by patients with right- 
hemisphere damage in the ipsilateral 
hemispace. Finally, an approximately 
equal number of patients with right- 
and left-hemisphere damage were 
eliminated on the basis of confusion or 
uncooperativeness, suggesting this 
variable occurred to some extent ran- 
domly across groups. 
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Developmental Abnormalities of the 
Corpus Callosum in Schizophrenia 
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èe Magnetic resonance imaging was 
used to evaluate neuroanatomical and 
neuropathologic abnormalities in a con- 
secutive series of 140 patients with 
schizophrenia for comparison with normal 
controls. Partial agenesis of the corpus 
callosum, a rare neurodevelopmental ab- 
normality, was found in two patients, one 
of whom also had a callosal lipoma. Evi- 
dence is presented suggesting that this 
finding represents an increased preva- 
lence of partial agenesis in schizophrenia. 
The corpus callosum develops embryolog- 
ically in intimate relationship to the hip- 
pocampal formation, fornix, septum pellu- 
cidum, and cingulate gyrus. In individuals 
with callosal agenesis, abnormalities also 
occur in the development of these limbic 
structures. Recent neuropathologic stud- 
ies have suggested the occurrence of ab- 
normal neurogenesis in the hippocampal 
formation and in the cingulate gyrus in 
schizophrenic patients. An increased 
prevalence of callosal agenesis and its re- 
lated limbic abnormalities would further 
support investigation into neurodevelop- 
mental abnormalities of these anatomical 
regions in schizophrenia. 

(Arch Neurol. 1990;47:805-808) 


Two neural developmental malfor- 

mations occur in relationship to the 
embryological development of the cor- 
pus callosum: dysgenesis or agenesis of 
the corpus callosum and lipoma of the 
corpus callosum. According to Rakic 
and Yakovlev,! agenesis is better 
termed as “failure to commensurate,” 
since callosal fibers are formed but do 
not cross the midline. 

The development of the corpus cal- 
losum is intimately associated with 
the development of the fornix, hippo- 
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campal commissure, hippocampal for- 
mation, septum pellucidum, and cin- 
gulate cortex. The hippocampal com- 
plex, amygdala, entorhinal cortex, and 
cingulate cortex have all been increas- 
ingly implicated as possible locations 
for neuropathology that some investi- 
gators believe may be of developmen- 
tal origin in at least some cases of 
schizophrenia.” !? 

The clinical diagnosis of these cal- 
losal abnormalities has increased sig- 
nificantly with magnetic resonance 
imaging (MRI). The superior resolution 
and the multiplanar capabilities of MRI 
permit a direct visualization of anatom- 
ical structures and associated structural 
abnormalities that previously was only 
possible post mortem.'!* 

We report the first (to our knowl- 
edge) systematic MRI study of the rate 
of callosal abnormalities in patients 
suffering from schizophrenia. We also 
report evidence to suggest a greater 
prevalence of such anomalies in 
schizophrenia. 

During the period from 1985 to the 
present, patients with schizophrenia 
and bipolar illness admitted to the 
University of lowa Hospitals and Clin- 
ics, lowa City, and the lowa City (lowa) 
Veterans Administration Hospital 
have been asked to participate in our 
research studies. Magnetic resonance 
imaging studies have been performed 
on 140 schizophrenic patients and 48 
patients with bipolar illness. All pa- 
tients were diagnosed with criteria 
from the Diagnostic and Statistical 
Manual of Mental Disorders, Third 
Edition. Those with serious medical 
or neurologic illness or an intelligence 
quotient of less than 80 were excluded. 
In addition to the patient samples, 140 
sex- and age-equivalent normal con- 
trols were also studied. All subjects 
were 18 years or older, and all gave in- 
formed consent. 

The MRI was performed in the Uni- 
versity of lowa Department of Radiol- 
ogy using either a 0.5-T scanner (Pick- 
er) or a 1.5-T scanner (Signa, General 
Electric). The scanning sequence for 
the 0.5-T scans consisted of a single 


midsagittal cut with an inversion re- 
covery pulse sequence (time to inver- 
sion, 600 milliseconds; repetition time, 
1600 milliseconds), eight coronal cuts 
using a similar inversion recovery 
pulse sequence, and 8 to 16 transverse 
slices using a spin echo sequence (time 
to echo, 80 milliseconds; repetition 
time, 2300 milliseconds). All slices 
were l-cm thick. The scanning se- 
quence for the 1.5-T scans consisted 
predominantly of a series of coronal 
cuts, using spin echo with a repetition 
time of 2700 milliseconds and echo 
times of 30 and 90 milliseconds pro- 
ducing proton density and T,-weighted 
images, respectively, and a series of 
transverse cuts with a repetition time 
of 600 milliseconds and an echo time of 
20 milliseconds. All slices were 5-mm 
thick, with 2.5-mm gaps. 

Partial agenesis of the corpus callo- 
sum has been found in 2 (1.4%) of 140 
schizophrenic patients studied with 
MRI in our ongoing research program. 
One of these patients also had a lipoma 
of the callosum. Agenesis was not ob- 
served in any patients with bipolar 
disorder or in any normal controls. 
Finding that these two clinically diag- 
nosed schizophrenic patients have par- 
tial callosal agenesis further supports 
the concept that schizophrenia is in- 
deed a heterogeneous illness. These 
patients had several clinical features 
in common that may shed light on the 
relevance of callosal agenesis with its 
often-related limbic abnormalities as 
a possible pathogenesis for positive 
symptoms in schizophrenia. 


REPORT OF CASES 


Case 1.—A 39-year-old divorced white 
man was admitted to the University of lowa 
Psychiatric Hospital complaining of hear- 
ing the voices of a man and a woman telling 
him to kill himself. He had experienced vi- 
sual and auditory hallucinations since 
childhood. At the age of 33 years, he was 
diagnosed for the first time as suffering 
from schizophrenia, had been hospitalized 
multiple times for his prominent delusions 
and hallucinations, and had been consid- 
ered refractory to treatment with conven- 
tional antipsychotic drugs. 


Schizophrenia—Swayze et al 805 





Fig 1.—Patient 1. Top, Midsagittal view demonstrating small callosal 
remnant and malformed cingulate gyrus. Bottom, Coronal view demon- 
strating some callosal fibers joining the two hemispheres, the classic 
“bat wing’ appearance of the lateral ventricles, and prominent Probst 
bundles. 


An MRI scan showed nearly complete 
agenesis of the corpus callosum (Fig 1). The 
T,-weighted midsagittal image clearly 
demonstrated the almost complete absence 
of the corpus callosum. The third ventricle 
was slightly enlarged and elevated into the 
interhemispheric fissure. The cingulate sul- 
cus and gyrus were present dorsal to the 
malformed callosal body. Caudally, a pat- 
tern of radiating sulci oriented perpendicu- 
lar to the third ventricle was noted. A 
prominent cisterna magna was seen in the 
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caudal midline of the cerebellum. T,- 
weighted coronal scans showed the lateral 
ventricles to be widely separated and medi- 
ally concave as a result of being impressed 
by the nondecussating fiber bundles of 
Probst. Dilatation of the temporal and oc- 
cipital horns of the lateral ventricles (col- 
pocephaly) was present, with significant 
loss of the medial white matter of the for- 
ceps major. 

The patient performed poorly on neu- 
ropsychological testing and was evaluated 


Fig 2.—Patient 2. Top, Midsagittal view demonstrating callosal lipoma 
that appears to entirely replace the corpus callosum. The posterior cin- 
gulate gyrus is malformed. Bottom, Coronal view demonstrating small 
number of callosal fibers passing ventral to the lipoma. 


as having borderline intellectual function. 
While he had prominent visuospatial defi- 
cits, he did well on clinical tests of inter- 
hemispheric transfer. An electroencepha- 
logram was interpreted as normal. 

CASE 2.—A 33-year-old woman had car- 
ried an unquestioned diagnosis of schizo- 
phrenia for 9 years, when a computed to- 
mographic scan revealed a lipoma of the 
corpus callosum and a cavum septum pellu- 
cidum. Within 1 year after first seeking 
psychiatric help while a college student, she 
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began believing that people were trying to 
kill her and drove her car off the road in an 
attempt to kill herself before her persecu- 
tors “dismembered” her and displayed her 
body on the “Johnny Carson Show.” Her 
symptoms were persistent, leading to mul- 
tiple hospitalizations and eventually to 
long-term institutionalization. Her audi- 
tory hallucinations and persecutory delu- 
sions were totally refractory to treatment. 

An MRI scan obtained for clinical rea- 
sons 3 years after the computed tomo- 
graphic scan did not reveal any significant 
change in the size of the lipoma. The mid- 
sagittal slice using a 5-mm-thick T,- 
weighted spin echo image (repetition time, 
400 milliseconds; inversion time, 40 milli- 
seconds) showed the lipoma apparently to 
involve the entire corpus callosum (Fig 2). 
The cingulate gyrus appeared to be rela- 
tively normal except posteriorly, where it 
appeared to have an abnormal sulcal pat- 
tern. The calcarine and parieto-occipital 
sulci failed to intersect. A 10-mm-thick in- 
version recovery coronal image (repetition 
times, 2000 and 600 milliseconds; inversion 
time, 40 milliseconds), however, showed a 
thin band of intact callosal fibers running 
ventral to the lipoma that was not observed 
on the midsagittal slice. Partial callosal 
agenesis was confirmed by the presence of 
what appeared to be Probst bundles medial 
to the bodies of the lateral ventricles." 

Neuropsychological testing did not reveal 
evidence of a disconnection syndrome. The 
results of electroencephalography and so- 
matosensory evoked potentials testing 
were interpreted as normal. 


PREVALENCE AND SIGNIFICANCE OF 
CALLOSAL ABNORMALITIES IN 
SCHIZOPHRENIA 


Although recently Kolodny”’ stated 
that agenesis occurs at a rate of one to 
three cases per 1000 individuals, this 
estimated prevalence was based on the 
occurrence of agenesis in patients who 
underwent ventriculography for vari- 
ous clinical indications.'* At our own 
MRI center at the University of Iowa, 
partial or complete agenesis has been 
found in 5 (0.069% ) of 7240 MRI head 
scans performed to date on patients 
18 years and older, while 3 patients 
(0.041% ) have been diagnosed as hav- 
ing lipoma of the corpus callosum. 
Thus, a review of MRI scans performed 
in our clinical population indicates 
that callosal abnormalities are indeed 
rare. The prevalence of callosal agene- 
sis among schizophrenic patients was 
significantly greater than in the clini- 
cal population (odds ratio, 20.97; P, 
007). 

Closer approximations to the preva- 
lence of agenesis in the general popu- 
lation have been reported in two 
large series of consecutive autopsies. 
Grogono”’ reported that among 19 000 
autopsies, absence of the corpus callo- 
sum was found in only one patient. 
Similarly, Courville,” in a survey of 
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40000 autopsies, noted the absence of 
the corpus callosum in only two cases. 
In addition to these autopsy series, 
Myrianthopoulos” reported that in his 
epidemiological study of congenital 
birth defects in 40000 subjects fol- 
lowed up for 7 years, he found only two 
cases of agenesis of the corpus callo- 
sum. 

Although preliminary, our findings 
of a specific increase in the prevalence 
of corpus callosal abnormalities in 
schizophrenia raise a number of epi- 
demiological issues. Our results sug- 
gest that callosal abnormalities are 
more prevalent in schizophrenic pa- 
tients, that they are not associated 
with mental retardation in such pa- 
tients, that they are associated with 
prominent and severe positive symp- 
toms (delusions and hallucinations), 
and that such symptoms in these pa- 
tients tend to be so refractory to treat- 
ment that the patients require long- 
term institutionalization. 

We are not the first to observe cal- 
losal abnormalities in schizophrenia. 
Lewis et al” reported the first known 
case of a patient with corpus callosal 
agenesis and schizophrenia. Their pa- 
tient had complete agenesis and had 
suffered from hallucinations and delu- 
sional thinking for a number of years.” 
Macpherson et al” recently described a 
patient with frontonasal dysplasia and 
lipoma of the corpus callosum who 
presented with psychosis. Most re- 
cently, Velek et al* described a patient 
with partial agenesis who had first- 
rank schneiderian symptoms. Unfor- 
tunately, these isolated case reports 
were not part of systematic anatomi- 
cal studies of schizophrenia and there- 
fore provide no information concern- 
ing the overall prevalence of callosal 
abnormality in schizophrenia. 

Our schizophrenic subjects with cal- 
losal agenesis were part of a consecu- 
tive series of schizophrenic patients 
who were evaluated to determine 
whether morphological brain abnor- 
malities occur in such patients. As in- 
dicated earlier, our prevalence rate of 
1.4% for callosal agenesis was signifi- 
cantly greater than that in the clinical 
population. Our figure of 1.4% is even 
more significant when compared with 
the two autopsy series rates of 0.005% 
(odds ratio, 289.84; P < .001), which is 
probably a more accurate estimate of 
its occurrence in the general popula- 
tion. 


NEURAL DEVELOPMENT OF THE 
CALLOSUM AND ITS RELATED 
LIMBIC STRUCTURES 


Embryologically, the corpus callo- 
sum develops in a complex relation- 


ship with several limbic structures 
that include the hippocampal forma- 
tion, fornix, hippocampal commissure, 
septum pellucidum, and cingulate 
gyrus.' Autopsy studies and, recently, 
studies with MRI have described ab- 
normalities in one or more of these 
structures in a number of patients 
with complete or partial agenesis of 
the corpus callosum. Both of our 
schizophrenic patients had abnormal- 
ities of the cingulate gyrus, and there 
was evidence that the hippocampal 
commissure was absent in the first pa- 
tient. 

Although the most anatomically ob- 
vious abnormality in patients with 
partial or complete callosal agenesis is 
the lack of normal callosal develop- 
ment, isolated callosal agenesis is of- 
ten clinically asymptomatic.” It is 
doubtful, then, that isolated callosal 
agenesis, with its lack of normal corti- 
cocortical connections, is responsible 
for the psychotic symptoms seen in our 
patients. In fact, most patients with 
callosal agenesis described in the lit- 
erature do not have the disconnection 
syndrome or significant difficulty with 
interhemispheric transfer, suggesting 
that compensatory mechanisms en- 
able their brain to have interhemi- 
spheric transfer function or bilateral 
hemispheric control despite the lack of 
this great commissure.*” To our 
knowledge, evidence does not exist to 
suggest that any surgically discon- 
nected patients have ever developed 
psychosis. 

The limbic system abnormalities, on 
the other hand, along with other asso- 
ciated abnormalities such as colpo- 
cephaly, ectopic gray matter, and 
pachygyria, are changes that are likely 
to cause seizures and mental retarda- 
tion; and we speculate also that one, or 
probably several of them, may be the 
cause of prominent positive symptoms 
in our patients secondary to abnormal 
neuronal “wiring” or connectivity. 
This would be consistent with what 
Stevens” postulated to be an anatom- 
ical basis for development of altered 
sensitivity in the limbic striatum that 
might occur from synaptic reorgani- 
zation following degeneration or fail- 
ure of fornical development to the an- 
terior forebrain limbic structures. 

Recent controlled neuropathologic 
studies have found evidence suggest- 
ing maldevelopment or dystrophic 
changes in a number of limbic struc- 
tures in some schizophrenics.?"°** Ja- 
kob and Beckmann?’ and Falkai et al 
described cytoarchitectonic abnormal- 
ities in the entorhinal region of the 
parahippocampal gyrus, as well as cell 
loss in the hippocampus. Jeste and 
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Lohr‘ found schizophrenic brains to 
have significantly lower pyramidal- 
cell density and significantly lower 
volume of the CA, sector of the cornu 
Ammonis of the left hippocampus. 
Kovelman and Scheibel‘ reported var- 
ious degrees of pyramidal cell disori- 
entation in a study of the anterior 
middle regions of the hippocampus. 
This finding, however, could not be 
replicated by Altshuler and col- 
leagues’ or by Christison and co- 
workers® using a small sample of 
schizophrenic brains from the Yakov- 
lev collection. 

Benes et al’'° performed two studies 
focusing on the anterior cingulate cor- 
tex in schizophrenic subjects com- 
pared with controls. In the first study 
they found a significantly lower neu- 
ronal density in layer V, and in the 
second they found 25% more vertical 
axons in the schizophrenic subjects. 
Higher numbers of both long vertical 
axons (62% ) and axons associated with 
blood vessels (52% ) were also noted in 
the schizophrenic subjects. The results 
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of the second study, the authors felt, 
suggested the possibility that there 
might be an increase of associative in- 
puts into the anterior cingulate cortex 
of schizophrenic patients. 


COMMENT 


Our findings of an increased preva- 
lence of midline developmental anom- 
alies in schizophrenia raise a number 
of issues about the possible underlying 
neural mechanisms of this disease. 
They suggest that a small subset of 
schizophrenic patients may have obvi- 
ous developmental anomalies of the 
callosum and of other relevant brain 
regions, such as limbic structures, that 
may be related to the occurrence of 
psychosis. Our two patients with mid- 
line developmental anomalies had 
prominent positive symptoms that 
were refractory to treatment, suggest- 
ing the possibility that the symptoms 
were produced by “miswiring” (ie, ab- 
errant neuronal connectivity). We do 
not suggest that these two patients are 
representative of all schizophrenics, 
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Autosomal Dominant Cramping Disease 


Kenneth Ricker, MD, Richard T. Moxley III, MD 


è A family was studied in which four 
generations (16 of 41 members) suffered 
from painful recurrent muscle cramping. A 
clear pattern of autosomal dominant in- 
heritance was noted. The cramping first 
developed during adolescence or early 
adulthood. Electromyographic analysis in- 
dicated a neurogenic origin. The cramps 
seemed to be due to dysfunction of the 
motor neurons. The mechanisms underly- 
ing this alteration are unclear and require 
further investigation. 

(Arch Neurol. 1990;47:810-812) 


Mesele cramps are a common com- 

plaint associated with a variety of 
medical conditions.'! However, only a 
few publications describe familial 
cramps of autosomal dominant inher- 
itance with a neurogenic origin. In this 
article we describe a large family with 
such a condition. 


REPORT OF A CASE 


A 49-year-old office worker (patient III-8, 
Fig 1, Table) complained of painful muscle 
cramping. He had experienced similar 
symptoms since 20 years of age. The mus- 
cles most affected by the cramps were the 
abdominal muscles beneath the rib cage, 
the quadriceps femoris, calf, and anterior 
neck musculature. Occasionally, the 
cramps affected the toes and the fingers, 
causing them to become transiently fixed in 
flexion or extension. The patient thought 
that during the past 3 years the cramps had 
become more frequent and more painful. 
During the day the cramps would appear 
spontaneously or at the onset of a sudden 
movement. At night these cramps would 
awaken him. He had to get out of bed 
quickly and stretch the involved muscle. 
Usually a cramp could be stopped after 10 to 
20 seconds, if the patient stretched the 
muscle promptly. On rare occasions a 
cramp might last for a few minutes. The 
patient had cramps almost daily. On some 
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days the cramps would be mild. On other 
days the cramps would be more severe, oc- 
curring repetitively. 

On physical examination the patient ap- 
peared healthy and well developed. He had 
no muscle atrophy or hypertrophy. Muscle 
strength was normal. Tendon reflexes were 
normoactive and symmetric. Plantar re- 
sponses were flexor. Sensory and cerebellar 
testing showed nothing abnormal, and 
there were no abnormalities of the cranial 
nerves. On several occasions muscle cramps 
were observed. A firm, mounded contrac- 
tion suddenly developed in a segment of the 
anterior abdominal muscles beneath the rib 
cage, a portion of the vastus lateralis, or a 
segment of the gastrocnemius muscle. As 
the cramp disappeared over several sec- 
onds, a few isolated fasciculations in the 
muscle could be seen. 

Complete blood cell count, serum electro- 
lyte levels, serum urea nitrogen concentra- 
tion, liver function indexes, thyroid func- 
tion test results, and urinalysis were nor- 
mal. Creatine kinase levels were 86 and 
75 U/L (normal, <80 I/U). Cerebrospinal 
fluid protein level was 0.67 g/L (normal, 
<0.45 g/L). Immunoelectrophoresis of the 
cerebrospinal fluid revealed an oligoclonal 
pattern, suggesting a mild alteration in the 
function of the blood-brain barrier. Cere- 
brospinal fluid lymphocyte count was 
10 X 10°/L. 

Motor conduction velocity for the tibial 
nerve was 48 m/s with a normal amplitude 
of the compound muscle action potential of 
20 mV. Sural nerve conduction velocity was 
50 m/s. Somatosensory evoked potentials 
from the tibial nerve revealed a P1 latency 
of 41 milliseconds (normal, <45 millisec- 
onds). Visual evoked potential latency was 
103 milliseconds for both eyes (normal, 
<110 milliseconds). Testing the vibration 
threshold to an electrically produced 250- 
Hz stimulus was normal in the fingers and 
toes. The electromyographic and muscle bi- 
opsy findings are discussed below. 

Therapeutic trials of phenytoin, carbam- 
azepine, verapamil, nifedipine, quinine, 8- 
blocking agents, clonazepam, and acetazo- 
lamide were unsuccessful. 


Clinical Findings in Family Members 


The family history was reviewed, and 24 
family members were examined. In four 
generations of this family from Austria, 16 
of 41 members had definite muscle cramps 
(Fig 1). Of these 16 patients, 13 were living 


(Table). Three had died. Relatives indicated 
that these 3 had suffered with episodes of 
diffuse muscle cramping. Five other family 
members had infrequent muscle cramps 
restricted to the gastrocnemius muscle and 
therefore have not been included in the Ta- 
ble. Six of the 24 family members examined 
had no history of muscle cramping. An ad- 
ditional 13 persons could not be examined, 
but close family members indicated that 
none of these had ever complained of mus- 
cle cramps. 

Cramps could occur in almost any muscle 
but spared those in the eyes, face, and 
tongue. Those muscles most frequently af- 
fected are listed in the Table. No cramping 
occurred during early childhood. The 
cramps typically developed between 15 and 
30 years of age and showed only a mild, 
transient progression during middle age. 
Eight of the older patients indicated that 
the severity of the muscle cramping had di- 
minished later in life. Muscle cramping was 
not exacerbated or decreased during preg- 
nancy. Four of the 16 affected family mem- 
bers recalled that following hours of danc- 
ing or after skiing all day, more severe 
nighttime cramping might occur. 

The severity and frequency of the muscle 
cramping varied within the group of family 
members. Six persons (II-2, III-3, III-4, 
III-8, [V-7, and IV-14) had cramps as often 
as every 1 to 2 weeks. The other affected 
family members had cramps every 2 to 3 
months. The severity of the most frequently 
occurring cramps was usually moderate 
and the patients were able to control the 
attack without undue concern. However, 
two to three times each year, each of the 
affected individuals experienced episodes of 
very severe muscle cramping that caused 
considerable anxiety and pain for the pa- 
tient. These cramps were longer in dura- 
tion, and the patients were not able to ter- 
minate the cramping with the usual ma- 
neuvers. For example, in patient I-1, family 
members recalled that he would lie supine 
on the floor and request that someone com- 
press the stonelike abdominal muscles with 
a fist to relieve the cramp. During these ep- 
isodes the attacks would recur several times 
within a 24-hour period. Once or twice a 
year cramping of the anal sphincter oc- 
curred in certain of the patients and was 
extremely painful (Table). Affected family 
members were able to perform their jobs 
and carry out their usual family responsi- 
bilities. 

Neurologic evaluation of the 13 affected 
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Fig 1.—Family pedigree. Stars indicate individuals who have been examined; solid symbols, family mem- 
bers afflicted with generalized muscle cramping; shaded symbols, family members having cramps only in 
the calf muscles; and arrow, the propositus. 


individuals examined showed no atrophy or 
hypertrophy of muscle, and there were no 
joint contractures. No weakness was noted 
on direct testing of muscle strength. Three 
older patients (II-2, Il-4, and II-6) were un- 
able to arise from a squatting position 
without assistance, but they were able to 
climb stairs. They had hyperactive knee re- 
flexes. Tendon reflexes were normal in all 
other family members examined. None had 
an extensor plantar response. Results of 
sensory testing and evaluation of cranial 
nerves and cerebellar function were nor- 
mal. 

The-three patients who had died at 83 
years (I-1), at 75 years (II-3), and at 57 years 
(IL-8) were reported to have had no signs of 
muscle weakness in association with their 
chronic muscle cramping. 


Electromyographic Findings 


Recording of Muscle Cramp.—In patient 
III-8, two fine-wire electrodes were placed 
10 mm apart in the medial gastrocnemius 
muscle. Several episodes of muscle cramp- 
ing were observed. During the cramp, a lo- 
cal contraction of a portion of the gastroc- 
nemius muscle could be seen and felt, which 
coincided with a maximum recruitment of 
motor unit potentials on the electromyo- 
graphic recording (Fig 2). Similarly, using 
a concentric needle to record from the me- 
dial gastrocnemius muscle in patient [V-12, 
maximum firing of motor unit potentials 
was observed during a spontaneous muscle 
cramp. This electromyographic pattern 
was considered typical for a neurogenic 
cramp. 

Conventional Electromyographic Examina- 
tion.—Investigation of four muscles with 
standard concentric needle electrodes was 
performed in patient III-8. No fibrillations, 
positive waves, complex repetitive dis- 
charges, or myotonia were seen. Occasional, 
infrequent fasciculations were recorded in 
both the right and left biceps muscles and 
in the quadriceps femoris muscle, but none 
in the tibialis anterior. 

Quantitative electromyographic analysis 
of the biceps muscle demonstrated evidence 
of a chronic neurogenic disorder. Motor 
unit potentials were recorded from 10 dif- 
ferent locations during mild voluntary con- 
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Distribution of Muscle Cramps in Symptomatic Family Members 


Body Parts Most Often Affected 
eae 
Patient Onset of Below Anterior Upper Anal 
No./Age, y/Sex Cramps, y* Calf Rib Cage Neck Leg Toes Fingers Sphincter 
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* Onset of cramps represents an approximate age at which the patient recalled the first significant muscle 
cramping. 
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Fig 2.—Electromyographic recordings from patient Ill-8. Upper panel represents motor unit activ- 
ity recorded from the gastrocnemius muscle with a pair of wire electrodes. The recording shows 
a brief voluntary muscle contraction followed by the abrupt onset (arrow) of muscle cramping. 
Lower panel demonstrates the potentials of two large motor units recorded with a concentric nee- 
dle electrode from the quadriceps femoris muscle during minimal voluntary contraction. The ac- 
tion potential amplitudes of these two motor units are 3.0 and 5.8 mV. 
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traction. Recruitment was normal, with 2 to 
3 different motor units firing at each re- 
cording site with a normal frequency from 
6 to 10 potentials per second. Evaluation of 
25 motor units was performed. Five to 6 po- 
tentials from each of these motor units 
were averaged, and the duration and am- 
plitude of the potentials were measured. 
The mean (+SD) duration was 16.3 + 5.2 
milliseconds (normal, 11.7 + 2.3 millisec- 
onds). The number of polyphasic potentials 
was less than 10%. Fifteen of the 25 motor 
units had an amplitude above 1 mV. The 
amplitude of the largest motor unit was 
4.7mV (300 motor units were recorded from 
the biceps of 10 healthy men. None of 
the 300 motor units had an amplitude 
above 1 mV. The highest amplitude was 
0.88 mV). 

Willison analysis of the interference pat- 
tern showed an amplitude-vs-turns ratio 
shifted definitely toward a neurogenic pat- 
tern. In both the quadriceps femoris and 
tibialis anterior muscles, abnormal large 
motor unit potentials (duration, 18 to 24 
milliseconds; amplitude, 3 to 6 mV) were 
recruited during mild voluntary contrac- 
tion (Fig 2). 

Five family members with muscle 
cramps (Il-4, II-6, II-7, III-9, and IV-12) 
were evaluated at home with portable 
electromyographic equipment. Recordings 
were made in one muscle in each of the pa- 
tients, and no fibrillations, positive waves, 
complex repetitive discharges, or myotonia 
was observed. In one patient (II-6), minimal 
numbers of fasciculations were seen in the 
medial gastrocnemius. Quantitative analy- 
sis of the motor units was not performed. 
However, there was the impression that the 
potentials seen in two patients (II-4, quad- 
riceps femoris; III-9, extensor digitorum) 
were of greater amplitude and duration 
than normal. 


Muscle Biopsy Findings 


An open biopsy of the left quadriceps 
femoris muscle was performed in patient 
IlI-8. Standard histochemical analyses 
were performed, including evaluation of 
adenosine triphosphatase (pH 4.3, 4.6, 9.4), 
reduced nicotinamide-adenine dinucleo- 
tide, periodic acid-Schiff, acid phospha- 
tase, phosphorylase, cytochrome c, Go- 
mori’s trichrome, and hematoxylin-eosin. 
Standardized analysis of the distribution of 
diameters in type I and type II fibers was 
performed. The findings indicated mild 
chronic denervation. There was fiber type 
grouping with a slight predominance in 
grouping of type II fibers. There wasa slight 
atrophy of type II fibers noted on histogram 
analysis of fiber diameters, and there was a 
slightly abnormal variation in the diameter 
of these fibers. Occasional small angulated 
fibers were seen. 


COMMENT 


Muscle cramps occasionally occur in 
healthy individuals and are often 
associated with prolonged, vigorous 
physical activity. These “physiologic” 
cramps are primarily limited to the 
calf musculature. In the family de- 
scribed herein the location of the 
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cramps was unusual. The cramps oc- 
curred in the abdominal muscles be- 
neath the rib cage, the muscles of the 
anterior and lateral neck, as well as in 
the gastrocnemius muscle. One unique 
type of cramp was experienced by some 
of the family members in which there 
were severe episodes of cramping in 
the anal sphincter musculature. The 
occurrence of this nonprogressive 
muscle cramping disorder in associa- 
tion with a clear pattern of autosomal 
dominant inheritance has to be re- 
garded as a distinct disease. This fam- 
ily is similar in many respects to the 
family described by Van den Bergh 
and colleagues? in 1980. Their patients 
complained of frequent episodes of 
generalized muscle cramps that began 
at 10 to 15 years of age. There was an 
autosomal dominant pattern of inher- 
itance, and the cramps were not asso- 
ciated with progressive neurologic dis- 
ease. Episodes of muscle cramping oc- 
curred with exercise, at rest during the 
day, and at night. Electromyographic 
evaluation and the findings on muscle 
biopsy indicated a neurogenic etiology 
for the cramps. Another family de- 
scribed by Lazaro and colleagues? in 
1981 also had dominantly inherited 
muscle cramping with a similar pat- 
tern of muscle cramps and similar 
electrodiagnostic findings. The fre- 
quency of muscle cramping was 
greater in the distal muscles in their 
patients. Persistent muscle cramping 
of the distal muscles of the hands and 
feet was observed in another family, 
and there was autosomal dominant 
inheritance.* However, these muscle 
cramps were restricted to the distal 
muscles and were associated with al- 
most continuous activation of motor 
units. 

Electromyographic analysis of 
cramps in two patients studied in the 
present report showed abrupt, maxi- 
mum activation of motor units during 
the cramping. This provides clear evi- 
dence that these cramps are of neuro- 
genic origin, and it seems most likely 
that they result from some type of 
dysfunction of the motor neuron. In 
the one patient who underwent quan- 
titative electromyographic investiga- 
tion, there were fasciculations and 
high-amplitude motor unit potentials 
of abnormally long duration, which 
strongly suggest chronic motor neuron 
disorder. Muscle biopsy findings sup- 
port this interpretation. There was 
grouped atrophy of muscle fibers, in- 
volving type 2 fibers to a slightly 
greater degree. Considering the long 
clinical history of muscle cramps in 
this patient, the findings in the muscle 
biopsy analysis must be considered as 


mild but distinctive enough to explain 
the alterations observed in the de- 
tailed electromyographic investiga- 
tion. 

There are a few reports that describe 
very benign forms of spinal muscular 
atrophy with autosomal dominant 
inheritance.** It is interesting that the 
patients described in two of these 
reports”? had little or no muscle wast- 
ing and weakness. However, muscle 
cramping was a complaint in only one 
of these families,’ and the cramps ap- 
peared only in the calf muscles. It is 
not clear whether there is any connec- 
tion between these families and the 
family described in the present report. 
It seems likely that some other type of 
motor neuron dysfunction, unknown 
so far, should be considered as the 
cause for the muscle cramping in the 
family we describe herein. 

Unfortunately, therapeutic trials 
with a variety of medications proved 
ineffective in relieving the episodes of 
muscle cramping in our patients. At 
present there is a limited understand- 
ing of the pathologic mechanism of 
muscle cramps. It may be that future 
genetic studies, based on analysis of 
DNA obtained from large pedigrees 
such as this family, will provide new 
insights and give a more rational basis 
for treatment of the cramps. 
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Cramping Disease—Ricker & Moxley 


Intracranial Epidermoid Tumors 


A Continuing Diagnostic Challenge 


Kanaris P. Panagopoulos, MD; Mustapha El-Azouzi, MD; Helen L. Chisholm, MD; 
Ferenc A. Jolesz, MD; Peter McL. Black, MD, PhD 


è Epidermoid tumors are benign, slowly 
growing intracranial masses that still 
present difficulty in preoperative diagno- 
sis. This article reviews six cases of histo- 
logically proven epidermoid tumors. Com- 
puted tomography and magnetic reso- 
nance imaging were complementary in 
their evaluation. Computed tomography 
demonstrated a hypodense, smoothly 
contoured extra-axial paramedian mass 
with lower density than cerebrospinal 
fluid. Magnetic resonance imaging usually 
demonstrated an irregularly but sharply 
marginated mass with inhomogeneous 
density, variable enhancement with gado- 
linium, lack of edema in adjacent normal 
structures, extensive insinuation into cis- 
ternal and other cerebrospinal fluid 
spaces, and a high-signal intensity on pro- 
ton-weighted images. Multiplanar mag- 
netic resonance imaging was extremely 
helpful in displaying the full anatomic ex- 
tent of the lesion and its relationship with 
other structures. 

(Arch Neurol. 1990;47:813-816) 


[| ntradural epidermoid tumors are 

usually benign, encapsulated, and 
slow-growing extra-axial masses.'* 
Their capsule consists of stratified 
squamous epithelium applied to a 
layer of connective tissue, and their 
cystic component is caseous material 
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resulting from the progressive break- 
down of the cyst wall.*° They may 
present considerable difficulty in pre- 
operative diagnosis and in defining the 
extent of the lesion and its relationship 
to adjacent structures.'”* Six cases are 
presented here, with emphasis on the 
role of computed tomography (CT) and 
magnetic resonance imaging (MRI) in 
the preoperative evaluation of epider- 
moid tumors. All patients subse- 
quently underwent surgical extirpa- 
tion. This article emphasizes the fea- 
tures common to their presentation 
and the continuing difficulty of estab- 
lishing the preoperative diagnosis. 


REPORT OF CASES (TABLE) 


Case 1.—A 34-year-old woman, who had 
been treated for bulimia for 17 years, noted 
“seeing things” in the peripheral vision of 
both eye 3 years before admission. Two 
years later, she began having headaches 
and cracking noises over her right ear and 
progressive difficulty in walking. Computed 
tomography showed a cystic hypodense 
right-sided cerebellar hemisphere (Fig 1, 
top left) that was avascular on angiogra- 
phy. T,-weighted images on MRI (Fig 1, top 
right) demonstrated a low-signal intensity 
lesion, which appeared to be predominantly 
extra-axial on the axial images (Fig 1, top 
right and bottom left) but not clearly so on 
the sagittal image. On proton density- 
weighted images (Fig 1, bottom left), the 
tumor showed heterogeneously increased 
signal intensity that further increased on 
second echo (Fig 1, bottom right). 

Examination on admission revealed 
papilledema, nystagmus, cerebellar dysme- 
tria, and impaired tandem gait. At opera- 
tion, excision was achieved through a right 
suboccipital craniotomy; tumor encased the 
fifth, seventh, and eighth cranial nerves, 
and small fragments of tumor were left on 
these nerves. The patient recovered, with- 
out complication, to normal function. 

CASE 2.—A 22-year-old man had a grand 
mal seizure 3 years before admission. Since 


that time, he had had repeated petit mal 
seizures despite anticonvulsant therapy. 
Computed tomography showed a hypodense 
area in the left temporal lobe. Repeated CT 
after another grand mal seizure indicated a 
growing mass, which was confirmed by 
MRI. On the axial image (Fig 2, left and 
right), the extra-axial location of the tumor 
was more obvious than on the coronal 
image (Fig 2, center). On T,-weighted im- 
ages, the mass demonstrated a high-signal 
intensity except in its central area, which 
showed intermediate-signal intensity (Fig 
2, right). Examination on admission 
showed no abnormal neurological signs. 
The leading preoperative diagnosis was a 
low-grade glioma. An epidermoid tumor 
was grossly totally excised at operation: 
medially its capsule was intimately associ- 
ated with the sylvian fissure. The patient 
made an uneventful recovery, without fur- 
ther seizures. 

Case 3.—A 52-year-old man presented 
with intermittent headaches. Computed to- 
mography demonstrated a ring-enhancing 
left posterior fossa mass. Examination on 
admission showed only slight left limb dys- 
metria. The leading preoperative diagnosis 
was epidermoid, although a low-grade 
glioma, could not be excluded. At operation, 
an intradural epidermoid tumor was ex- 
cised through a left suboccipital craniecto- 
my; it appeared to have a plane intra- 
arachnoidally in its lateral aspect. The 
postoperative course was uneventful, with 
resolution of the patient’s headaches and 
dysmetria. 

CasE 4.—A 43-year-old man presented 
with grand mal seizures beginning 5 years 
before admission, which increased in fre- 
quency despite anticonvulsant therapy. He 
also stated that he had pressure over the 
left side of his head. At 10 years of age, he 
had had severe meningitis, with stiff neck 
and coma; he recovered completely on anti- 
biotic therapy. On the present admission, 
CT and MRI scans showed a left middle 
cranial fossa mass, with low-signal inten- 
sity on T,-weighted images and heteroge- 
neously increased signal on T,-weighted 
images. Examination on admission re- 
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Demographic and Clinical Summary of Cases 






























Case/Age, Symptom Duration Location Differential 
y/Sex Before Surgery, y Presentation of Tumor Preoperative Diagnosis 
1/34/F 3+ Ataxia, headache, papilledema, Right cerebellar hemisphere Cystic astrocytoma; epidermoid tumor 













nystagmus, dysmetria 









Seizures Left temporal lobe Low-grade glioma 
















Ataxia, headache, dysmetria Left cerebral hemisphere Epidermoid tumor 





Seizures, memory impairment Left temporal lobe Low-grade astrocytoma 















5/44/F 1+ Ataxia, headache, dysmetria, Left cerebellar hemisphere Epidermoid tumor 
diplopia, decreased left- and cerebellopontine angle 
sided hearing 
Visual loss Suprasellar cistern Craniopharyngioma; epidermoid tumor 





vealed a slight memory impairment. The 
preoperative diagnosis was low-grade as- 
trocytoma vs arachnoid cyst or epidermoid 
tumor. At operation, the tumor was appar- 
ently excised completely, with considerable 
adherence of the capsule to the hippocam- 
pus. The patient’s seizures diminished post- 
operatively but did not disappear. 

Case 5.—A 44-year-old woman had a cer- 
ebellopontine angle epidermoid tumor par- 
tially excised in 1967, which left her with 
some hearing impairment on that side. One 
year before admission, she began having 
difficulty with equilibrium, occasional 
diplopia, and slight headache. Clinical ex- 
amination revealed impaired left eye ab- 
duction, dysmetria, and diminished hearing 
on the left side. Computed tomographic and 
MRI scans showed a 2.5-cm left cerebello- 
pontine angle mass. At operation, an epi- 
dermoid tumor was excised using microsur- 
gical techniques; it was extensively insinu- 
ated around the sixth nerve. She continued 
to have subtle diplopia 6 months after sur- 
gery. 

CASE 6.—A 33-year-old woman began 
having headaches and blurring of vision 3 
years prior to neurological evaluation. Vi- 
sual examination at that time showed nor- 
mal acuity with a subtle temporal defect on 
the left side. Follow-up examination ini- 
tially showed no change. She was seen for 
neurosurgical evaluation when her field de- 
fect increased. The MRI revealed a supra- 
sellar mass. On T,-weighted coronal and 
sagittal images, there was a low-signal in- 
tensity suprasellar mass elevating and dis- 
torting the optic chiasm and right optic 
nerve (Fig 3, top left and right). A portion 
of the mass extended above the right optic 
nerve and chiasm, the supraclinoid portion 
of the right internal carotid artery, and the 
right Al and M1 segments, suggesting en- 
casement of these structures (the carotid 
artery appears attenuated in this area). 
There was also extension into the medial 
aspect of the right middle cranial fossa. The 
mass was of high-signal intensity on the 
long TR images (Fig 3, bottom left and 





right). Fig 1.—Case 1. Top left, Axial computed tomography shows a homogeneously hypodense mass 

As she was pregnant at the time of MRI, lesion in the right side of the cerebellar hemisphere. There are no explicit findings suggestive of 
surgery was deferred until after delivery. extra-axial location. Top right, Axial T,-weighted inversion recovery sequence (1500/450/20) 
At operation, an epidermoid tumor was mi- demonstrates a low-signal intensity posterior fossa mass widening the cerebellopontine cistern 
crosurgically excised through a right fron- (arrow) and therefore suggesting an extra-axial lesion. Bottom left, The axial long TR (2000) in- 
tal craniotomy. The tumor had encapsu- termediate TE (60) image reveals the lesions’ heterogeneous signal. This pulse sequence also al- 


lated the right third nerve, the right optic lows differentiation of the lesion from cerebrospinal fluid. Bottom right, On sagittal T,- weighted 
nerve, and the carotid artery in the level of magnetic resonance imaging (2000/ 120), the mass exhibits high-signal intensity. In this image, 
its bifurcation. The patient made good re- determination of intra-axial or extra-axial location is not possible. 
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Fig 2.—Case 2. Axial (left) and coronal (center) T,- weighted spin echo images (800/30) demonstrate a 
heterogeneously low-signal intensity mass in the anterior aspect of the left middle cranial fossa. The extra- 
axial location of the lesion is best delineated in the axial plane (arrow). Right, Axial T.-weighted image 


(2000/80) illustrates the lesion’s slightly heterogeneous high-signal intensity. 








Fig 3.—Case 6. Right sagittal (top left) and 
coronal (top right) T,-weighted images (600/ 
20) show a heterogeneously low-signal inten- 
sity suprasellar mass with encasement of su- 
praclinoid portion of the right internal carotid 
artery and distortion of the optic chiasm. On 
coronal (bottom left) and axial (bottom right) 
T.-weighted images (3000/70), the mass ex- 
hibits high-signal intensity. Carotid encase- 
ment is demonstrated (arrow), and there is in- 
sinuation of the mass into the medial aspect of 
the right-middle cranial fossa. 
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covery from the procedure, with her visual 
function improving steadily 


COMMENT 


These cases illustrate the presenta- 
tion of epidermoid tumors in the era of 
CT and MRI and emphasize the impor- 
tance of these lesions in the differen- 
tial diagnosis of low-density lesions on 
CT. The term tumeur perlee (pearly 
tumor) first appeared in the medical 
literature at the beginning of the last 
century. According to Bailey,’ the first 
description of pearly tumors came 
from Dumeril in 1807, followed by 
Cruveilhier in 1829. Since then, numer- 
ous articles have appeared, unfortu- 
nately creating some confusion in the 
nomenclature since epidermoid, ada- 
mantinoma, cholesteatoma, and 
pearly tumor have all been used to re- 
fer to the same entity. 

Although epidermoid tumors are 
congenital in nature and arise from 
misplacement of ectoderm, mechani- 
cal introduction of such skin elements 
can also occur by skin puncture.’ Com- 
mon sites of such tumors within the 
central nervous system are the cere- 
bellopontine angle, the parasellar 
area, the diploé, the rhombic fossa, the 
intraspinal space, and the petrous 
bone.'° Epidermoids are usually benign 
and slow growing,' but malignant 
changes have been reported.'' At sur- 
gery, they vary in size but are usually 
circumscribed with a capsular surface. 
The capsule occasionally contains 
areas of calcification, with an interior 
that is filled with soft, “cheesy” white 
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material containing cholesterol crys- 
tals. The lining of the cyst is of strat- 
ified squamous epithelium supported 
by another layer of collagenous tissue.’ 

Love and Kernohan” stated that 
“there are no criteria for making a 
correct diagnosis of . . . intradural epi- 
dermoid tumor prior to operation.” 
Their statement, made in 1936, still 
has some relevance today. Clinical 
findings such as seizures and subtle 
cranial nerve deficits may be helpful in 
distinguishing such tumors from 
arachnoid cysts; further differentials 
must rely on contemporary imaging 
techniques. 

The most typical CT appearance of 
an intracranial intradural epidermoid 
tumor is that of an extra-axial low- 
density mass in a paramedian location, 
most frequently the cerebellopontine 
angle cistern, middle cranial fossa, or 
suprasellar cistern. There may be rim 
calcification and marginal enhance- 
ment with intravenous contrast, but 
the central portion of the tumor does 
not enhance. The tumors may be very 
large at the time of diagnosis and ex- 
hibit considerable mass effect but min- 
imal or no associated edema, reflecting 
a separation from brain by pia 
arachnoid.'’**"> Frequently some of 
these characteristic findings may be 
absent or equivocal, and features such 
as hyperdensity may be present, thus 
rendering the CT appearance non- 
specific.’*'’ Furthermore, the tendency 
to infiltrate into and enlarge available 
cerebrospinal fluid (CSF) spaces may 
result in the appearance of an intra- 
axial mass, especially on transaxial 
CT. 

Several recent articles'*” have doc- 
umented the MRI appearance of in- 
tracranial epidermoid tumors. The sig- 
nal characteristics on standard spin 
echo pulse sequences do not appear to 
reflect the lipid content that might be 
expected from the low CT attenuation 
values. Moreover, these lesions exhibit 
a heterogeneous signal on MRI, with 
predominantly low intensity on T,- 
weighted images and high intensity on 
proton density and T,-weighted 
images; this is different from their 
more homogeneous low absorption CT 
appearance. The specific detection of 
fatty constituents of epidermoids 
would facilitate the correct diagnosis 
of epidermoids; unfortunately, how- 
ever, the cholesterol and keratinized 
components contain mostly immobile 
lipid protons that are invisible on 
MRI.” The heterogeneous signal is due 
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to the mobile water protons of the 
complex proteinaceous tumor environ- 
ment and sometimes to CSF-filled in- 
terstices within the tumor. 

One of the main advantages of MRI 
over CT is that the distinction of CSF 
from tumor (and therefore of arach- 
noid cyst from epidermoid) becomes 
possible. On spin echo sequences, the 
signal intensity of CSF follows a char- 
acteristic change: it is low on T,- 
weighted images, intermediate on pro- 
ton density-weighted images, and 
bright on T,-weighted images. All of 
the epidermoid tumors in our study 
exhibited a higher-signal intensity 
than CSF on proton density-weighted 
images; this signal characteristic 
helped to differentiate them from 
arachnoid cysts. Fast gradient echo 
pulse sequences may also be helpful by 
showing the presence of pulsatile fluid 
motion within the cyst but not within 
the solid tumor.” While the MRI or CT 
signal characteristics of epidermoids 
are not specific and therefore make 
them difficult to differentiate from 
gliomas, multiple plane MRI often 
demonstrates whether the tumor is 
intra-axial or extra-axial. Evaluation 
of lesion location, effect on adjacent 
structures, and the absence of associ- 
ated edema are important in both CT 
and MRI. 

State of the art high-resolution 
MRI, with its superior delineation of 
anatomic detail, generally provides 
more precise definition of a lesion’s ir- 
regular margins, extent, and relation- 
ship to surrounding vascular and neu- 
ral structures and, thus, is a superior 
imaging modality in terms of surgical 
planning. Furthermore, in those le- 
sions that insinuate into CSF spaces 
and therefore mimic predominantly 
intra-axial masses, MRI performed in 
the appropriate plane (eg, coronal im- 
aging of the middle cranial fossa) is 
more likely than CT to elucidate the 
extra-axial nature of the process. 

While the cases presented here il- 
lustrate the difficulty of establishing 
the correct preoperative diagnosis of 
epidermoid tumors, they also demon- 
strate the usefulness of present imag- 
ing methods in surgical planning. 
These lesions are important for both 
the neurologist and neurosurgeon to 
recognize. 


This work was supported by a Charles A. Pap- 
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nagopoulos). 
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Tegretol® 


carbamazepine USP 


Chewable Tablets of 100 mg—red-speckled, pink Tablets of 200 mg—pink 
WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI- 
ATION WITH THE USE OF TEGRETOL DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC- 
TIONS IS 5-8 TIMES GREATER THAN IN THE GENERAL POPULATION HOWEVER, 
THE OVERALL RISK OF THESE REACTIONS IN THE UNTREATED GENERAL POPU- 
LATION IS LOW, APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL. DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME HOWEVER, THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI- 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND APLAS- 
TIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES 0B- 
SERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO SIGNAL 
THE OCCURRENCE OF EITHER ABNORMALITY. NONETHELESS. COMPLETE PRE- 
TREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A BASELINE 
IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR DECREASED 
WHITE BLOOD CELL OR PLATELET COUNTS. THE PATIENT SHOULD BE 
MONITORED CLOSELY DISCONTINUATION OF THE DRUG SHOULD BE CON- 
SIDERED IF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
DEVELOPS 


Before prescribing Tegretol, the physician should be thoroughly familiar with the 
details of this prescribing information, particularly regarding use with other drugs, 
especially those which accentuate toxicity potential. 

DESCRIPTION 

Tegretol. carbamazepine USP. is an anticonvulsant and specific analgesic for trigeminal 
neuralgia, available as chewable tablets of 100 mg and tablets of 200 mg for oral admin- 
istration Its chemical name is 5H-dibenz|b f]azepine-5-carboxamide. and its structural 
formula ts 


fi 
CONH, 


Carbamazepine USP ıs a white to off-white powder, practically insoluble in water and 
soluble in alcohol and in acetone Its molecular weight is 236 27 
Inactive Ingredients. Colloidal silicon dioxide, FD&C Red No. 3 (chewable tablets only), 
FD&C Red No 40 (200-mg tablets only), flavoring (chewable tablets only), gelatin. glycer- 
in. Magnesium stearate. sodium starch glycolate (chewable tablets only), starch, stearic 
acid, and sucrose (chewable tablets only) 
CLINICAL PHARMACOLOGY 
In controlled clinical trials. Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trigeminal neuralgia 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures. It appears to act by reducing polysynaptic responses and 
blocking the posttetanic potentiation Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats. It depresses thalamic potential and 
bulbar and polysynaptic reflexes, including the linguomandibular refiex in cats. Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to contro! the pain of 
trigeminal neuralgia. The mechanism of action remains unknown 

Tegretol tablets are adequately absorbed after oral administration at a slower rate than a 
solution, thus avoiding undesirably high peak concentrations Tegretol in blood is 76% 
bound to plasma proteins. Plasma levels of Tegretol are variable and may range trom 
0 5-25 pg/ml, with no apparent relationship to the daily intake of the drug Usual adult 
therapeutic levels are between 4 and 12 ug/ml. Following oral administration, serum 
levels peak at 4 to 5 hours. The CSF/serum ratio is 0.22. similar to the 22% unbound 
Tegretol in serum, Because Tegretol may induce its own metabolism. the half-life is also 
variable. Initial half-life values range trom 25-65 hours. with 12-17 hours on repeated 
doses Tegretol is metabolized in the liver After oral administration of 14C-carbamazepine. 
72% of the administered radioactivity was found in the urine and 28% in the feces This 
urinary radioactivity was composed largely of hydroxylated and conjugated metabolites, 
with only 3% of unchanged Tegretol. Transplacental passage ot Tegretol is rapid (30 to 60 
minutes). and the drug is accumulated in fetal tissues, with higher levels found in liver and 
kidney than in brain and lungs 
INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug Evidence supporting 
efficacy of Tegretol as an anticonvulsant was derived from active drug-controlled studies 
that enrolled patients with the following seizure types 
1 Partial seizures with complex symptomatology (psychomotor. temporal lobe) Patients 
with these seizures appear to show greater improvement than those with other types 
2 Generalized tonic-clonic seizures (grand mal) 
3 Mixed seizure patterns which include the above. or other partial or generalized 
seizures 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see PRECAU- 
TIONS. General) 
Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associated with 
true tngeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal neuralgia 

This drug ıs not a simple analgesic and should not be used for the relief of trivial aches or 
pains 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow depression, 
hypersensitivity to the drug. or known sensitivity to any of the tricyclic compounds, such 
as amitriptyline, desipramine, imipramine, protriptyline, nortriptyline, etc. Likewise, on 
theoretical grounds its use with monoamine oxidase inhibitors is not recommended 
Betore administration of Tegretol, MAO inhibitors should be discontinued for a minimum 
of fourteen days. or longer if the clinical situation permits 
WARNINGS 
Patients with a history of adverse hematologic reaction to any drug may be particularly at 
nsk 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyell’s syndrome) 
and Stevens-Johnson syndrome. have been reported with Tegretol. These reactions have 
been extremely rare. However, a few fatalities have been reported 

Tegretol has shown mild anticholinergic activity; therefore. patients with increased 
intraocular pressure shouldbe closely observed during therapy 

Because of the relationship of the drug to other tricyclic compounds, the possibility of 
activation of a latent psychosis and. in elderly patients, of confusion or agitation should be 
borne in mind 
PRECAUTIONS 
General: Before initiating therapy, a detailed history and physical examination should be 
made 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures, since in these patients Tegretol has been associated 
with increased frequency of generalized convulsions (see INDICATIONS AND USAGE) 

Therapy shouid be prescribed only after critical benefit-to-risk appraisal in patients with 
a history of cardiac, hepatic or renal damage, adverse hematologic reaction to other 
drugs, or interrupted courses of therapy with Tegretol 

for Patients: Patients should be made aware of the early toxic signs and 

symptoms of a potential hematologic problem, such as fever, sore throat, ulcers in the 
mouth, easy bruising. petechial or purpuric hemorrhage, and should be advised to report 
to the physician immediately if any such signs or symptoms appear 

Since dizziness and drowsiness may occur, patients should be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentially dangerous 
tasks 
Laboratory Tests: Complete pretreatment blood counts, including platelets and possibly 
reticulocytes and serum iron. should be obtained as a baseline If a patient in the course of 
treatment exhibits low or decreased white biood cell or platelet counts. the patient should 
be monitored closely. Discontinuation of the drug should be considered if any evidence of 
significant bone marrow depression develops 

Baseline and periodic evaluations of liver function, particularly in patients with a history 
of liver disease, must be performed during treatment with this drug since liver damage 
may occur The drug should be discontinued immediately in cases of aggravated liver 
dysfunction or active liver disease 

Baseline and periodic eye examinations, including slit-lamp, funduscopy and tonome- 
try, are recommended since many phenothiazines and related drugs have been shown to 
Cause eye changes 

Baseline and periodic complete unnalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dysfunction 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the etficacy 





and safety of anticonvulsants. This monitoring may be particularly usetul in cases of 
dramatic increase in seizure frequency and for verification of compliance in addition, 
measurement of drug serum levels may aid in determining the cause of toxicity when more 
than one medication is being used 

Thyroid function tests have been reported to show decreased values with Tegretol 
administered alone 

Hyponatremia has been reported in association with Tegretol use. either alone or in 
combination with other drugs 
Drug Interactions: The simultaneous administration of phenobarbital phenytoin. or 
Primidone, or a combination of two. produces a marked lowering of serum levels of 
Tegretol The effect of valproic acid on Tegretol blood levels is not Clearly established 

The hailt-lives of phenytoin, wartarin. doxycycline, and theophylline were significantly 
Shortened when administered concurrently with Tegretol Haloperidol and valproic acid 
serum levels may be reduced when these drugs are administered with Tegreto! The doses 
ot these drugs may therefore have to be increased when Tegretol is added to the 
therapeutic regimen 

Concomitant administration of Tegretol with erythromycin. cimetidine, propoxyphene, 
isoniazid or calcium channel blockers has been reported to result in elevated plasma levels 
of carbamazepine resulting in toxicity in some cases. Also. concomitant administration of 
Carbamazepine and lithium may increase the risk of neurotoxic side effects 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications 

Breakthrough bleeding has been reported among patients recewing concomitant oral 
contraceptives and their reliability may be adversaly affected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carbamazepine. when admin- 
istered to Sprague-Dawley rats for two years in the diet at doses of 25 75, and 250 
mg/kg/day, resulted in a dose-related increase in the incidence ot hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of males 

Carbamazepine must, therefore. be considered to be carcinogenic in Sprague-Dawley 
fats. Bacterial and mammalian mutagenicity studies using carbamazepine produced 
negative results The significance of these findings relative to the use of carbamazepine in 
humans ıs. at present, unknown 
Pregnancy Category C: Tegretol has been shown to have adverse effects in reproduction 
Studies in rats when given orally in dosages 10-25 times the maximum human daily dosage 
of 1200 mg In rat teratology studies. 2 of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate 1. talipes. 1; 
anophthalmos. 2) In reproduction studies in rats. nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women Tegretol should 
be used during pregnancy only if the potential benefit justifies the potential nisk to the 
fetus 

Retrospective case reviews suggest that. compared with monotherapy, there may be a 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
combination therapy Therefore. monotherapy is recommended for pregnant women 

It's important to note that anticonvulsant drugs should not be discontinued in patients 
in whom the drug is administered to prevent major seizures because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to lite In 
individual cases where the severity and frequency of the seizure disorder are such that 
removal of medication does not pose a serious threat to the patient, discontinuation of the 
drug may be considered prior to and during pregnancy. although it cannot be said with any 


Only TEGRETOL, 

brand of carbamazepine. 
provides the prescribing 
flexibility of a 100-mg scored 


chewable tablet, as well as 
a 200-mqg scored tablet 


confidence that even minor seizures do not pose some hazard to the developing embryo or 
fetus 
Labor and Delivery: The effect of Tegretol on human labor and delivery is unknown 
Nursing Mothers: During lactation. concentration of Tegretol in milk is approximately 60% 
of the maternal plasma concentration 

Because ot the potential for serious adverse reactions in nursing infants trom carbamaz- 
epine, a decision should be made whether to discontinue nursing or to discontinue the 
drug, taking into account the importance of the drug to the mother 
Pediatric Use: Safety and ettectiveness in children below the age of 6 years have not been 
established 
ADVERSE REACTIONS 
If adverse reactions are of such severity that the drug must be discontinued, the physician 
must be aware that abrupt discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epilepticus with its life-threatening 
hazards 

The most severe adverse reactions have been observed in the hemopoietic system (see 
boxed WARNING), the skin and the cardiovascular system 

The most frequently observed adverse reactions. par ticularly during the initial phases of 
therapy. are dizziness, drowsiness. unsteadiness. nausea, and vomiting To minimize the 
possibility of such reactions, therapy should be initiated at the low dosage recommended 

The following additional adverse reactions have been reported 
Hemoporetic System Aplastic anemia, agranulocytosis. pancytopenia. bone marrow 
depression. thrombocytopenia, leukopenia, leukocytosis. eosinophilia 
Skin- Pruritic and erythematous rashes, urticaria, toxic epidermal necrolysis (Lyells 
syndrome) (see WARNINGS), Stevens-Johnson syndrome (see WARNINGS), photosensi- 
tivity reactions. alterations in skin pigmentation. exfoliative dermatitis, erythema multi- 
forme and nodosum. purpura. aggravation of disseminated lupus erythematosus, 
alopecia, and diaphoresis. In certain cases, discontinuation of therapy may be necessary 
Cardiovascular System Congestive heart failure, edema. aggravation of hypertension, 
hypotension. syncope and collapse, aggravation of coronary artery disease, arrhythmias 
and AV block, primary thrombophlebitis. recurrence of thrombophlebitis, and adenopathy 
or lymphadenopathy 

Some of these cardiovascular complications have resulted in fatalities Myocardial 
infarction has been associated with other tricyclic compounds 
Liver’ Abnormalities in liver function tests, cholestatic and hepatocellular jaundice. 
hepatitis 
Respiratory System. Pulmonary hypersensitivity characterized by fever, dyspnea, pneu- 
monitis or pneumonia 
Genitourinary System Urinary frequency, acute urinary retention, Oliguria with elevated 
blood pressure. azotemia, renal failure. and impotence Albuminuria. glycosuria. elevated 
BUN and microscopic deposits in the urine have also been reported 

Testicular atrophy occurred in rats receiving Tegretol orally trom 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day Additionally, rats receiving Tegretol in the diet for two years 
at dosage levels of 25. 75, and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis In dogs. it produced a brownish discoloration. presum- 
ably a metabolite. in the urinary bladder at dosage levels of 50 mg/kg and higher 
Relevance of these tindings to humans 1s unknown 
Nervous System Dizziness. drowsiness. disturbances of coordination, contusion. head- 
ache. fatigue. blurred vision, visual hallucinations transient diplopia, oculomotor distur- 
bances, nystagmus, speech disturbances. abnormal involuntary movements, peripheral 
neuritis and paresthesias, depression with agitation, talkativeness, tinnitus, and hyper- 
acusis 

There have been reports of associated paralysis and other symptoms of cerebral arterial 
insufficiency. but the exact relationship of these reactions to the drug has not been 
established 
Digestive System Nausea, vomiting, gastric distress and abdominal pain, diarrhea. 
constipation, anorexia, and dryness of the mouth and pharynx including glossitis and 
stomatitis 
Eyes Scattered, punctate. cortical lens opacities, as well as conjunctivitis have been 
reported Although a direct causal relationship has not been established. many phenothia- 
zines and related drugs have been shown to cause eye changes 
Musculoskeletal System Aching joints and muscles. and leg cramps 
Metabolism Fever and chills Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reported Cases of trank water intoxication. with decreased serum sodium 
(hyponatremia) and contusion, have been reported in association with Tegreto! use (see 
PRECAUTIONS, Laboratory Tests) 
Other Isolated cases of a lupus erythematosus-like syndrome have been reported. There 
have been occasional reports of elevated levels of cholesterol, HDL cholesterol and 
triglycerides in patients taking anticonvulsants 
DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol, nor is there evidence of 
Psychologica! or physical dependence in humans 





OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose adults, >60 g (39-year-old man) Highest known doses 
Survived: adults. 30 g (31-year-old woman). children. 10 g (6-year-old boy). small 
children, 5 g (3-year-oid giri) 

Oral LD59 in animats (mg/kg) mice. 1100-3750. rats, 3850-4025: rabbits. 1500-2680 
guinea pigs. 920 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours Neuromuscular disturbances are the 
most prominent Cardiovascular disorders are generally milder, and severe cardiac com- 
plications occur only when very high doses (>60 g) have been ingested 
Respiration Irregular breathing, respiratory depression 
Cardiovascular System Tachycardia. hypotension or hypertension, shock. conduction 
disorders 
Nervous System and Muscles: Impairment ot consciousness ranging in severity to deep 
coma Convulsions, especially in small children Motor restlessness, muscular twitching 
tremor, athetoid movements, opisthotonos. ataxia. drowsiness, dizziness. mydnasis, 
nystagmus. adiadochokinesia, ballism. psychomotor disturbances, dysmetnia Initial 
hyperreflexia. followed by hyporefiexia 
Gastrointestinal Tract’ Nausea, vomiting 
Kidneys and Bladder Anura or oliguria. urinary retention 
Laboratory Findings Isolated instances of overdosage have included leukocytosis. re- 
Guced leukocyte count. glycosuria and acetonuria EEG may show dysrhythmias 
Combined Poisoning. When alcohol. tricyclic antidepressants. barbiturates or hydantoins 
are taken at the same time. the signs and symptoms of acute poisoning with Tegretol! may 
be aggravated or moditied 
Treatment 
The prognosis in cases of severe poisoning is critically dependent UPON prompt elimination 
of the drug, which may be achieved by inducing vomiting, irrigating the stomach, and by 
taking appropriate steps to diminish absorption It these measures cannot be implemented 
without risk on the spot, the patient should be transferred at once to a hospital, while 
ensuring that vital functions are safeguarded There is no specitic antidote 
Elimination of the Drug: Induction of vomiting 

Gastric lavage Even when more than 4 hours have elapsed following ingestion of the 
drug, the stomach should be repeatedly irrigated especially if the patient has also 
consumed alcoho! 
Measures to Reduce Absorption Activated charcoal. laxatives 
Measures to Accelerate Elimination: Forced diuresis 

Dialysis is indicated only in severe poisoning associated with renal tailure Replacement 
transfusion is indicated in severe poisoning in small children 
Respiratory Depression. Keep the airways tree. resort, ıl necessary. to endotracheal 
intubation, artificial respiration, and administration of oxygen 
Hypotension, Shock Keep the patient's legs raised and administer a plasma expander. It 
blood pressure fails to nse despite measures taken to increase plasma volume. use of 
vasoactive substances should be considered 
Convulsions Diazepam or barbiturates 
Warning Diazepam or barbiturates may aggravate respiratory depression (especially in 


~ children), hypotension, and coma However, barbiturates should Not be used if drugs that 


inhibit monoamine oxidase have also been taken by the patient either in Overdosage or in 
recent therapy (within one week) 
Surveillance Respiration. cardiac function (ECG monitoring), blood pressure. body tem- 
perature, pupillary reflexes, and kidney and bladder function should be monitored for 
several days 
Treatment of Blood Count Abnormalities. It evidence ot significant bone marrow depres- 
sion develops, the following recommendations are suggested: (1) stop the drug. (2) per- 
form daily CBC. platelet and reticulocyte counts. (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery 
Special periodic studies might be heiptul as follows. (1) white cell and platelet anti- 
bodies. (2) 59Fe—terrokinetic studies. (3) peripheral blood cell typing, (4) cytogenetic 
Studies on marrow and peripheral blood. (5) bone marrow culture studies tor colony- 
forming units. (6) hemoglobin electrophoresis tor Ao and F hemoglobin, and (7) serum 
folic acid and B42 levels 
A fully developed aplastic anemia will require appropriate. intensive monitoring and 
therapy, tor which specialized consultation should be sougnt 
DOSAGE AND ADMINISTRATION 
Monitoring of blood levels has increased the efficacy and satety of anticonvulsants (see 
PRECAUTIONS. Laboratory Tests). Dosage should be adjusted to the needs of the individ- 
ual patient. A low initial daily dosage with a gradual increase is advised As soon as 
adequate control is achieved. the dosage may be reduced very gradually to the minimum 
effective level Tablets should be taken with meals 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—Initial 200 mg b ıd. Increase at weekly 
intervals by adding up to 200 mg per day using a tı d or q.d. regimen until the best 
response is obtained Dosage should generally not exceed 1000 mg daily in children 12 to 
15 years of age. and 1200 mg daily in patients above 15 years of age. Doses up to 1600 mg 
daily have been used in adults in rare instances Maintenance: Adjust dosage to the 
minimum ettective level. usually 800-1200 mg daily 
Children 6-12 years of age—Initial: 100 mgd \ d Increase at weekly intervals by adding 
100 mg per day using at. d. or q.1-d. regimen until the best response is obtained Dosage 
should generally not exceed 1000 mg Maintenance: Adjust dosage to the minimum 
effective level, usually 400-800 mg daily 
Combination Therapy: Tegretol may be used alone or with other anticonvulsants When 
added to existing anticonvulsant therapy, the drug should be added gradually while the 
other anticonvulsants are maintained or gradually decreased. except phenytoin, which 
may have to be increased (see PRECAUTIONS. Drug Interactions and Pregnancy Category 
C 


) 
Trigeminal Neuralgia (see INDICATIONS AND USAGE) 
Initial: 100 mg d ı d on the tirst day for a tota! daily dose of 200 mg This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg every 12 hours only as 
needed to achieve freedom trom pain Do not exceed 1200 mg daily 
Maintenance: Control of pain can be maintained in most patients with 400 mg to 800 mg 
daily However, some patients may be maintained on as little as 200 mg daily, while others 
may require as much as 1200 mg daily At least once every 3 months throughout the 
treatment period. attempts should be made to reduce the dose to the minimum ettective 
level of even to discontinue the drug 
HOW SUPPLIED 
Chewable Tablets 100 mg—round. red-speckled. pink. single-scored (imprinted Tegretol 
on one side and 52 twice on the scored side) 


Bottles of 100 NDC 0028-0052-01 
Unit Dose (blister pack) 

Box of 100 

(stnps of 10) NDC 0028-0052-61 


Tablets 200 mg—capsule-shaped. pink, single-scored (imprinted Tegretol on one side 
and 27 twice on the scored side) 

Botties of 100 

Botties of 1000 
Gy-Pak*—One Unit 

12 bottles—100 tablets each 
Unit Dose (blister pack) 

Box of 100 

(strips ot 10) NDC 0028-0027-61 
Samples. when available, are identified by the word SAMPLE appearing on each tablet 
Protect trom moisture 
Dispense in tight container (USP) 
Also available as Tegretol suspension 100 mg/5 mi. in 450 mi bottles 


NDC 0028-0027-01 
NDC 0028-0027-10 


NDC 0028-0027-65 
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Isolated Pupil-Sparing Third-Nerve Palsy as the 
Presenting Sign of Multiple Sclerosis 


Nancy J. Newman, MD, Simmons Lessell, MD 


èe A 27-year-old man presented with an 
isolated, pupil-sparing, partial third-nerve 
palsy. Etiologic investigations proved un- 
revealing. Subsequent development of an 
optic neuropathy prompted magnetic res- 
onance imaging, which confirmed the clin- 
ical suspicion of multiple sclerosis. Rarely 
does multiple sclerosis present with ocu- 
lomotor nerve involvement. 

(Arch Neurol. 1990;47:817-818) 


[ slated third-nerve palsies are most 

commonly attributed to aneurysms, 
vascular disease, trauma, or neo- 
plasms." Rarely, an oculomotor nerve 
abnormality may be seen in the setting 
of known multiple sclerosis.'*’ We de- 
scribe a patient in whom an isolated 
pupil-sparing third-nerve palsy was 
the presenting sign of multiple sclero- 
sis. 


REPORT OF A CASE 


A 27-year-old right-handed man pre- 
sented with binocular blurred vision. His 
medical history was unremarkable. His 
grandparents were all late-onset diabetics 
and his father has multiple sclerosis. Five 
days before presentation, he experienced 
difficulty in focusing up close, which cleared 
when he covered either eye. The next day, 
his coworkers commented that his right 
upper eyelid was drooping. These symp- 
toms persisted, but he had no pain, head- 
ache, diurnal variation, redness, tearing, or 
any other motor or sensory abnormalities. 
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Neuro-ophthalmologic evaluation re- 
vealed normal monocular visual acuity, 
color vision, visual fields, and anterior seg- 
ments. Pupils were equal and normally re- 
active. There was 5 mm of right ptosis. Mo- 
tility in the right eye was limited in eleva- 
tion (30% of normal) and in adduction (90% 
of normal). Movement of the left eye was 
full. The findings of funduscopic examina- 
tion were unremarkable. The results of 
neurologic examination were entirely nor- 
mal except for slightly decreased sensation 
to pinprick and cold over the right eyebrow. 

Computed tomography, with and without 
the administration of intravenous contrast, 
showed no abnormalities. The results of 
laboratory studies of blood (including fast- 
ing glucose and hemoglobin A,. levels) and 
cerebrospinal fluid were normal. A test for 
myasthenia gravis with intravenously ad- 
ministered edrophonium chloride was neg- 
ative. Four-vessel cerebral arteriography 
revealed no abnormalities. 

The patient’s ocular motility normalized 
over the next month, but the right ptosis 
persisted, fluctuating in severity. Four 
months later, the patient complained that 
he had trouble focusing with the left eye 
alone. On examination, visual acuity was 
normal, but the patient missed one of the 
pseudoisochromatic color plates with his 
left eye. There was a slightly subnormal re- 
sponse at all frequencies of contrast sensi- 
tivity testing and a small paracentral sco- 
toma to the [2e stimulus on Goldmann pe- 
rimetry in the left eye. The patient’s pupils 
were normal, with no appreciable relative 
afferent defect. Results of the remainder of 
the examination were normal except for 2 
mm of right ptosis. A mild left optic neur- 
opathy was suspected, and this was con- 
firmed by the finding of a prolonged P100 
response of the visual evoked response on 
the left. The right P100 response was of 
normal latency. A magnetic resonance scan 
revealed multiple hyperintense T, lesions 
throughout the white matter of the cerebral 
hemispheres and in the brain stem (Figs 1 
and 2). 


COMMENT 


In large retrospective series of pa- 
tients with third-, fourth-, and sixth- 
nerve palsies, multiple sclerosis is in- 
frequently noted as a cause of oculo- 
motor nerve dysfunction.” In 
Rucker’s! first report from the Mayo 
Clinic (Rochester, Minn) of 1000 cases 
of paralysis of the nerves to the ex- 
traocular muscles, there are 335 cases 
of third-nerve palsies, of which one is 
ascribed to multiple sclerosis. His sec- 
ond series reports seven cases attrib- 
utable to multiple sclerosis,‘ described 
only as “incomplete.” No information 
is provided regarding the presence or 
absence of other neurologic signs. In 
Green and colleagues” review of 130 
cases of isolated oculomotor nerve pa- 
ralysis, there is no case ascribable to 
multiple sclerosis. Rush and Younge° 
report eight cases of multiple sclerosis 
among their 290 patients with third- 
nerve palsies, but they do not comment 
on associated neurologic findings or on 
the extent of involvement of the com- 
ponents of the oculomotor nerve. 

Early reviews of the clinical signs of 
multiple sclerosis may have confused 
subtle internuclear ophthalmoplegias 
with “partial” third-nerve palsies.*’ 
Walsh and Hoyt’ refer to fewer than 10 
cases of oculomotor nerve palsy in 
multiple sclerosis, and note that most 
of these are incomplete. The authors of 
the most recent edition of McAlpine’s 
Multiple Sclerosis write that “an iso- 
lated IIIrd nerve palsy should not sug- 
gest a diagnosis of multiple sclerosis.” 

Nadeau and Trobe’ review the prob- 
lem of pupil-sparing third-nerve pal- 
sies not attributable to ischemic dam- 
age to the peripheral nerve. As to 
intra-axial origins of pupil sparing, 
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Fig 1.—T,-weighted magnetic resonance imaging (1.5 tesla; repetition time, 2000 milliseconds; 
echo time, 40 milliseconds). There are multiple hyperintense lesions throughout the white matter 
of the cerebral hemispheres, especially prominent periventricularly. 


they report two cases and review the 
literature, concluding that the causes 
are either vascular or neoplastic. In 
their cases, the extraocular palsies are 
incomplete and there are accompany- 
ing neurologic signs. However, Breen 
et al recently described a patient with 
an isolated pupil-sparing third-nerve 
palsy and findings on magnetic reso- 
nance imaging consistent with an in- 
farction in the left midbrain. 

Our patient presented with an iso- 
lated pupil-sparing oculomotor nerve 
palsy. The incomplete nature of the 
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extraocular palsy, combined with the 
patient’s age and the slight decreased 
sensation over the ipsilateral brow, 
prompted angiography to rule out an 
intracavernous aneurysm. The mild 
left optic neuropathy, a second episode 
of neurologic abnormality separated 
in time and location, suggested the di- 
agnosis of multiple sclerosis. Magnetic 
resonance imaging helped to confirm 
the diagnosis, but a specific midbrain 
lesion corresponding to the patient’s 
presenting symptoms was not convinc- 
ingly demonstrated. 





Fig 2.—T,-weighted magnetic resonance im- 
aging (1.5 tesla; repetition time, 2000 millisec- 
onds; echo time, 40 milliseconds). There are a 
few scattered hyperintense lesions in the mid- 
brain at the level of the third nerves. 
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When you add PARLODEL’ therapy,* you achieve symptom control 
with lower levodopa dosages and fewer resultant complications." 
Plus your patients get PATH™— a comprehensive management program 
that helps you monitor progress and improve quality of life 
through specific lifestyle changes. 


Enroll your patients in PATH™ today! For further information just call 1-800-874-PATH. 
Or fill in the coupon on the following page and return it to: 
PATH, P.O. Box 369, East Brunswick, NJ 08816 


PARLODEI? (bromocriptine mesylate) is available in 21⁄2 mg SnapTabs”™ and 5 mg capsules. 


Please see following page for brief prescribing information. 





SANDOZPHARMACEUTICALS 
Corporation, E. Hanover, NJ 07936 


PARLODEL® 
SnapTabs™ (bromocriptine mesylate) TABLETS, USP 
(bromocriptine mesylate) CAPSULES 


INDICATIONS AND USAGE 

Parkinson's Disease 

Parlodel® (bromocriptine mesylate) SnapTabs™ or capsules are indicated in the 
treatment of the signs and symptoms of idiopathic or postencephalitic Parkinson’s 
disease. As adjunctive treatment to levodopa (alone or with a peripheral decar- 
boxylase inhibitor), Parlodel® (bromocriptine mesylate) therapy may provide addi- 
tional therapeutic benefits in those patients who are currently maintained on optimal 
dosages of levodopa, those who are beginning to deteriorate (develop tolerance) to 
levodopa therapy, and those who are experiencing “end of dose failure” on levodopa 
therapy. Parlodel® (bromocriptine mesylate) therapy may permit a reduction of the 
maintenance dose of levodopa and, thus, may ameliorate the occurrence and/or 
severity of adverse reactions associated with long-term levodopa therapy such as ab- 
bornai involuntary movements (e.g., dyskinesias) and the marked swings in motor 
function (“on-off' phenomenon). Continued efficacy of Parlodel® (bromocriptine 
mesylate) therapy during treatment of more than two years has not been established. 


Data are insufficient to evaluate potential benefit from treating newly diagnosed 
Parkinson’s disease with Parlodel® (bromocriptine mesylate). Studies have shown, 
however, significantly more adverse reactions (notably nausea, hallucinations, con- 
fusion and hypotension) in Parlodel® (bromocriptine mesylate ) treated patients than 
in levodopa/carbidopa treated patients, Patients unresponsive to levodopa are poor 
candidates for Parlodel® (bromocriptine mesylate ) therapy. 


CONTRAINDICATIONS 
Uncontrolled hypertension, toxemia of pregnancy, sensitivity to any ergot alkaloids. 


WARNINGS 

Since hyperprolactinemia with amenorrhea/galactorrhea and infertility has been 
found in patients with pituitary tumors a complete evaluation of the pituitary is indi- 
cated before treatment with Parlodel® (bromocriptine mesylate). 


If pregnancy occurs during Parlodel® (bromocriptine mesylate ) administration, 
careful observation of these patients is mandatory. Prolactin-secreting adenomas may 
expand and compression of the optic or other cranial nerves may occur, emergency 
pituitary surgery becoming necessary. In most cases, the compression resolves 
following delivery. Reinitiation of Parlodel® (bromocriptine mesylate ) treatment has 
been reported to produce improvement in the visual fields of patients in whom 
nerve compression has occurred during pregnancy. The safety of Parlodel® (bromo- 
criptine mesylate ) treatment during pregnancy to the mother and fetus has not been 
established. 


Symptomatic hypotension can occur in patients treated with Parlodel® (bromocrip- 
tine mesylate ) for any indication. 


Long-term treatment (6-36 months ) with Parlodel® (bromocriptine mesylate) in 
doses ranging from 20-100 mg/day has been associated with pulmonary infiltrates, 
pleural effusion and thickening of the pleura in a few patients. In those instances in 
which Parlodel® (bromocriptine mesylate ) treatment was terminated, the changes 
slowly reverted towards normal. 


PRECAUTIONS 

General 

Safety and efficacy of Parlodel® (bromocriptine mesylate) have not been established 
in patients with renal or hepatic disease. Care should be exercised when administer- 
ing Parlodel® (bromocriptine mesylate ) therapy concomitantly with other medica- 
tions known to lower blood pressure. 


Parkinson's Disease 
Safety during long-term use for more than two years at the doses required for parkin- 
sonism has not been established. 


As with any chronic therapy, periodic evaluation of hepatic, hematopoietic, cardiovas- 
cular, and renal function is recommended. Symptomatic hypotension can occur and, 
therefore, caution should be exercised when treating patients receiving antihyper- 
tensive drugs. 


High doses of Parlodel® (bromocriptine mesylate) may be associated with confusion 
and mental disturbances. Since parkinsonian patients may manifest mild degrees of 
dementia, caution should be used when treating such patients. 


Parlodel® (bromocriptine mesylate) administered alone or concomitantly with 
levodopa may cause hallucinations (visual or auditory). Hallucinations usually 
resolve with dosage reduction; occasionally, discontinuation of Parlodel® (bromo- 
criptine mesylate ) is required. Rarely, after high doses, hallucinations have persisted 
for several weeks following discontinuation of Parlodel® (bromocriptine mesylate). 
As with levodopa, caution should be exercised when administering Parlodel® 


(bromocriptine mesylate ) to patients with a history of myocardial infarction who 
have a residual atrial, nodal, or ventricular arrhythmia. 
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Retroperitoneal fibrosis has been reported in a few patients receiving long-term 
therapy (2-10 years) with Parlodel® (bromocriptine mesylate) in doses ranging from 
30 to 140 mg daily. 


DRUG INTERACTIONS 

Lack or decrease in efficacy may occur in patients receiving Parlodel® (bromocrip- 
tine mesylate) when they are treated concurrently with drugs which have dopamine 
antagonist activity e.g. phenothiazines, butyrophenones. This may be a problem par- 
ticularly for patients treated with Parlodel® (bromocriptine mesylate) for macro- 
adenomas. Although there is no conclusive evidence demonstrating interactions be- 
tween Parlodel® (bromocriptine mesylate) and other ergot derivatives, the concomi- 
tant use of these medications is not recommended. 


ADVERSE REACTIONS 

Parkinson’s Disease 

In clinical trials in which bromocriptine was administered with concomitant reduc- 
tion in the dose of levodopa/carbidopa, the most common newly appearing adverse 
reactions were: nausea, abnormal involuntary movements, hallucinations, confu- 
sion, “on-off” phenomenon, dizziness, drowsiness, faintness/fainting, vomiting, as- 
thenia, abdominal discomfort, visual disturbance, ataxia, insomnia, depression, 
hypotension, shortness of breath, constipation, and vertigo. 


Less common adverse reactions which may be encountered include: anorexia, anxi- 
ety, blepharospasm, dry mouth, dysphagia, edema of the feet and ankles, erythro- 
melalgia, epileptiform seizure, fatigue, headache, lethargy, mottling of skin, nasal 
stuffiness, nervousness, nightmares, paresthesia, skin rash, urinary frequency, uri- 
nary incontinence, urinary retention, and rarely, signs and symptoms of ergotism 
such as tingling of fingers, cold feet, numbness, muscle cramps of feet and legs or 
exacerbation of Raynaud's Syndrome. 
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Abnormalities in laboratory tests may include elevations in blood urea nitrogen, 
SGOT, SGPT, GGPT, CPK, alkaline phosphatase and uric acid, which are usually tran- 
sient and not of clinical significance. 


DOSAGE AND ADMINISTRATION 

General 

It is recommended that Parlodel® (bromocriptine mesylate) be taken with food. Pa- 
tients should be evaluated frequently during dose escalation to determine the lowest 
dosage that produces a therapeutic response. 


Parkinson's Disease 

The basic principle of Parlodel® (bromocriptine mesylate) therapy is to initiate treat- 
ment at a low dosage and, on an individual basis, increase the daily dosage slowly 
until a maximum therapeutic response is achieved. The dosage of levodopa during 
this introductory period should be maintained, if possible. The initial dose of 
Parlodel® (bromocriptine mesylate) is /2 of a 22 mg SnapTab™ twice daily with 
meals. Assessments are advised at two week intervals during dosage titration to en- 
sure that the lowest dosage producing an optimal therapeutic response is not ex- 
ceeded. If necessary, the dosage may be increased every 14 to 28 days by 2⁄2 mg per 
day with meals. Should it be advisable to reduce the dosage of levodopa because of 
adverse reactions, the daily dosage of Parlodel® (bromocriptine mesylate), if in- 
creased, should be accomplished gradually in small (21⁄2 mg) increments. 


The safety of Parlodel® (bromocriptine mesylate) has not been demonstrated in dos- 
ages exceeding 100 mg per day. 


HOW SUPPLIED 

SnapTabs™ , 21⁄2 mg 

Round, white, scored SnapTabs™, each containing 2⁄2 mg bromocriptine (as the 
mesylate) in packages of 30 (NDC 0078-0017-15) and 100 (NDC 0078-0017-05). 
Embossed “PARLODEL 212” on one side and scored on reverse side. 


Capsules, 5 mg 

Caramel and white capsules, each containing 5 mg bromocriptine (as the mesylate) 
in packages of 30 (NDC 0078-0102-15) and 100 (NDC 0078-0102-05). Imprinted 
“PARLODEL 5 mg” on one half and “&" on other half. 
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*To the levodopa/carbidopa regimen. 

‘Adverse reactions reported with PARLODEL (bromocriptine mesylate) are similar 

to those of levodopa; however, significantly more nausea, hallucinations, confusion 
and hypotension have been reported in patients treated with PARLODEL therapy. 
Many of these side effects can be ameliorated with dosage adjustments. 
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*In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
“New York" and “Salt Lake City.” Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 


used for replies, the words “Box , C/O 
AON” are to be counted as three words. 

Classified Display 1 Time 3 Times 
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Column inch 45 40 


Minimum display ad: one column inch 
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Display Production Charge: The publication 
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The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 


Box Service 


Available for all ads. The cost is $10.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 
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Professional Opportunities 


FEBS. PTI NSA SS TARR REE ESE EEE A 
EXPANDING DYNAMIC neurology practice — 
BC/BE neurologist to join a busy, rapidly growing 
group neurology practice in Virginia suburbs of 
Washington, DC. Excellent opportunity for a com- 
passionate, personable, hard working person to join 
our comprehensive neurodiagnostic team. Subspe- 
cialty training, especially EEG, evoked potentials, 
EMG, or sleep disorders preferred. Teaching and 
faculty appointments available. Send CV to: D. 
Hope, Neurology Center of Fairfax, Ltd., 3020 
Hamaker Court, Fairfax, VA 22031. 





NEUROLOGIST: Excellent opportunity for a board- 
certified/board-eligible neurologist to join two exist- 
ing neurologists in a stimulating, busy private prac- 
tice. Marquette General Hospital is a 306-bed 
regional referral center, with a comprehensive neu- 
rophysiology department and state-of-the-art tech- 
nology that includes magnetic resonance imaging 
and CT scanning, and a hospital-based family prac- 
tice residency. Medical students from Michigan 
State University's College of Human Medicine are 
regularly assigned to the hospital and offer an op- 
portunity for teaching. Marquette General Hospital 
and its medical staff are committed to building a 
center of excellence in the neurosciences and have 
the necessary financial resources. The development 
of these services will require the leadership and 
cooperation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. If this special opportunity is of inter- 
est to you, please forward your curriculum vitae to: 
Daniel Mazzuchi, MD, Director of Physician Serv- 
ices, Marquette General Hospital, Suite 122, Wallace 
Building, 420 West Magnetic Street, Marquette, MI 
49855. 





NEUROLOGIST — Midwest Great Lakes communi- 
ty near Chicago. Position for a clinical neurologist, 
preferably with subspecialty training in either stroke, 
dementia or EEG to join another neurologist in an 
established private practice. Excellent growth 
potential. Early partnership. Outstanding opportu- 
nity. Box #804, c/o AON. 


All classified advertising orders, correspondence and payments should be directed to: Archives of Neurology, P.O. Box 1510, Clearwater, 
Florida 34617. Our telephone numbers are: National 800-237-9851; in Florida 800-553-8288; Local 813-443-7666. Please do not send 
classified ads, payments or related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about “BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
c/o AON, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Neurology. 





Professional Opportunities 


ORLANDO AREA: Board-certified neurologist for 
office practice and comprehensive examinations 
only. No hospital, ER or surgery. No night or week- 
end work. Please send CV and date of availability to: 
120 Marcia Drive, Altamonte Springs, FL 32714. 


PHYSICIAN OPPORTUNITIES IN ARIZONA: Thomas- 
Davis Medical Centers, P.C., a rapidly expanding 
multi-specialty group practice of 110 plus physi- 
cians in Tucson, Green Valley, and Tempe, Arizona, 
has neurology positions available in Tucson. Excel- 
lent fringe benefits and profit sharing program. 
Guarantee for first two years, plus incentive. Early 
shareholder. Fee-for-service, as well as owned 
HMO. Must be board-eligible or -certified. Call or 
write: James J. Vitali, Chief Executive Officer, 
Thomas-Davis Medical Centers, P.C., P.O. Box 
12650, Tucson, AZ 85732. (602) 322-2525. 


ADULT NEUROLOGIST: BC/BE to join well 
established neuroscience group in a rapid 
growing community of southern California. 
EEG, EMG and EP skills necessary. Competi- 


tive salary with excellent benefits. Please send 

CV to: Administrator 

Antelope Valley Neuroscience Medical Group 
44902 North 10th Street West 

Lancaster, CA 93534 è Or call: (805) 945-6931 





NEUROLOGIST — Multi-specialty group in 
Roanoke, Virginia, with two board-certified, fellow- 
ship trained neurologists seeks third BC/BE neurol- 
ogist. Fellowship training and/or 1-2 years practice 
experience desired. EMG and EEG experience 
desired. MR Scan, CT Scan, EEG, EMG, evoked 
potentials, ENG in place. Reply with CV to: Neurol- 
ogy, Lewis-Gale Clinic, Inc., 1802 Braeburn Drive, 
Salem, VA 24153. 


NEUROLOGIST with EEG, EMG and evoked poten- 
tial experience for busy neurology office. Full-time 
position. Heavy Spanish, Oriental (Japanese, Chi- 
nese, Vietnamese and Korean) population. Los 
Angeles area. (213) 733-4891. 


Neurologist 
With Expertise in Epilepsy and EEG 


The Department of Neurology at Long Island Jewish Medical Center is 
recruiting for a full time Neurologist with expertise in EEG and epilepsy. 
The Epilepsy Section includes ambulatory care and an active epilepsy 
surgery program. Soon to be opened will be a four-bed inpatient closed 
circuit TV-cable telemetry unit. Responsibilities include clinical practice, 
clinical research and teaching. Special expertise in antiepileptic drug 
trials and neuropharmacology desirable. Candidates should be BC/BE in 


Neurology and EEG. 


Please send CV to: Neil Schaul, M.D., Director, EEG/EP and 
Epilepsy Section, Department of Neurology, Room 222, LIJMC, 


New Hyde Park, NY 11042. 


Long Island Jewish Medical Center 


Long Island Campus for the Albert Einstein College of Medicine 
Equal Opportunity Employer 





Professional Opportunities Professional Opportunities foes Ue fc cg! peta 
CHARLOTTE, NORTH CAROLINA — High quality BC/BE NEUROLOGIST NEEDED — California. HOLT Y KROCK CLINIC 


group of five neurologists, all of whom are subspe- Excellent opportunity to establish your own private 

cialized, seeks to add a highly capable, well-trained practice with no investment, guaranteed income. 

neuro-oncologist who likes people and has a special Strong referral base. Proficiency in EEG/EMG 

area of neurologic interest. Contact: Mike Kaufman, required. Well equipped, 112-bed, full-service hos- 

MD, 126 Cottage Place, Charlotte, NC 28207. Or pital. Our service area population is now 90,000; a 

call: (704) 334-7311. growing area with new businesses and stable econ- 

omy. Located in central California near Sequoia 

National Park, Tulare offers an excellent family- 

I L LIN O I S ; oriented lifestyle and all expected amenities. Beauti- 

A board-certified/board-eligible neurologist ful homes close to hospital and office are affordably 

needed to join an eight member Neuroscience priced. Good schools, many community activities 
Division in a 200+ private, multi-specialty group 

associated with the University of Illinois Col- 


and abundant recreation including golf, tennis, 
lege of Medicine; clinic and adjacent 288-bed 








NEUROSURGEON 


BC/BE neurosurgeon to join 
established 95-physician multi- 
specialty clinic located in 
beautiful northwest Arkansas. 
Holt-Krock Clinic is the 33rd 
largest free-standing clinic in 
the nation serving a patient 










mountain and equestrian activities. Easy access to 
all California's major metropolitan and resort areas. 









hospital. Offer full neurologic-radiologic sup- | Please contact: Tulare District Hospital Physician 
port including CT and MR scans; subspecialty | Recruiting Office, P.O. Box 90112, Los Angeles CA | Dase of 400,000 in Arkansas 
interest welcomed. Liberal fringe benefits and 90009. (800) 468-2687. and Oklahoma. 











early partnership; malpractice coverage pro- 
vided. Write including CV, to: 
Robert C. Parker, Jr., MD 
Assistant to the Chief Executive Officer 
CARLE CLINIC ASSOCIATION 
Urbana, IL 61801 









MINNEAPOLIS/ST. PAUL — Group Health, Inc. is 
seeking a BC/BE neurologist that has a special 
interest in adult care and expertise in EMG proce- 
dures. This position would join a group of four 
neurologists that work in both inpatient and out- 
patient settings. Group Health, Inc. is a staff model 
HMO and one of the largest multi-specialty group 
BUCKS COUNTY, PENNSYLVANIA — Position practices in the midwest. A solid track record of 33 
available in this beautiful, southeastern Pennsyl- years of quality care to our members make this a 
vania location for a BE/BC neurologist to join two premier organization to work for. All physicians are 
young colleagues in a growing private practice. All compensated with excellent salaries and generous 
diagnostic modalities locally available in this highly benefits. Minneapolis/St. Paul are recognized as 
trained medical community, situated 30 minutes clean, wholesome communities and were recently 
from Center City, Philadelphia and less than 90 touted by Savvy Magazine as the best cities in the 
minutes from Manhattan. High salary/benefits with country to raise a family. The communities provide 
potential for partnership. Reply: Box #807,c/oAON. excellent schools, countless cultural events, top- 
notch entertainment, numerous recreational activi- 
KANSAS — Board-certified, board-eligible neurol- ties, and a myriad of lakes and parks. If you would 


We offer a relaxed, patient- 
oriented practice setting and a 
guaranteed salary with full 
partnership in two to two anda 
half years, plus excellent fringe 
benefits. 680-bed hospital and 
new rehabilitation hospital two 
blocks from main clinic. 


For details regarding this 
opportunity, send letter and 
CV to: 


Mrs. Josephine Decker 








































ogist to join child neurologist in rebuilding a three- like further information on this opportunity, please Associate Administrator 
person practice in the largest city in Kansas. Three send curriculum vitae to: Group Health, Inc., Physi- HOLT-KROCK CLINIC 
large, well-equipped hospitals available for resident cians Services, 2829 University Avenue Southeast, 

and undergraduate medical education. Located in Minneapolis, MN 55414. (612) 623-8777. 1500 Dodson Avenue 
clean, progressive community described as the Fort Smith, AR 72901 
franchise capital of the country. Competitive salary PLEASE NOTE— Address replies to box number (501) 782-2071 

and benefits available. Send CV to: Richard C. ads as follows: Box number, , C/o AON, 












Gilmartin, MD, 2620 East Central, Wichita, KS 67214. P.O. Box 1510, Clearwater, FL 34617. 


The National Institute of Neurological Disorders and Stroke e» National Institutes of Health e Public Health Service 


MEDICAL STAFF FELLOWSHIPS FOR JULY 1991 






Dr. Giovanni DiChiro 
Dr. Dale McFarlin 
Dr. Marinos Dalakas 


The Clinical Neurosciences Program of the National 
Institute of Neurological Disorders and Stroke, National 
Institutes of Health, Public Health Service, offers two 
year appointments as Clinical Associates to Board 
certified or eligible neurologists. Approximately ten 


eNeuroimaging 

eNeuroimmunology 

eNeuromuscular Disease 
and AIDS 
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positions are available each year. 


The training program is oriented toward developing 
skills and credentials for a career in academic 
neurology: extensive educational activities are aimed at 
the fellowship level. Each fellowship focuses in depth 
on an area of clinical or basic research relevant to 
neurological disease. 


Opportunities include: 


eClinical Neuropharmacology 
eCognitive Neuropsychology Dr. Jordan Grafman 
eConsultation Neurology Dr. Barbara |. Karp 
eEEG Dr. Susumu Sato 


Dr. Ronald Polinsky 


eEMG Dr. Roger Gilliatt 

eEpilepsy Dr. William Theodore 

eExtrapyramidal Disease and Dr. Thomas Chase 
Dementia 

eHuman Motor Control Dr. Mark Hallett 

eMetabolic Neurology Dr. Roscoe Brady 


eNeuroepidemiology Dr. Gustavo Roman 


As a Clinical Associate, you will receive an initial salary 
of $37,000 with an increment of $2,000 for the second 
year. Positions can be extended for up to seven years. 
Moving, travel expenditures and Federal health care 
benefits are available. Appointments are made into the 
Public Health Service or Civil Service. 


Applicants may write directly to the sponsor of the 
particular fellowship of interest. More detailed 
information is available from: 


Mark Hallett, M.D. 


Clinical Director, NINDS wht NS» 
Building 10, Room 5N226 & È 
National Institutes of Health < ZS p 
9000 Rockville Pike y. k: 
Bethesda, Maryland 20892 A HE No 


(301) 496-1561 


NINDS is an equal opportunity employer and invites 
applications from all qualified individuals. 





NEUROLOGIST 


The Duluth Clinic, Ltd., a 160- 
physician, multi-specialty 
regional referral center in a 
metropolitan base of 125,000 
with a regional referral base of 
500,000 people, is seeking an 
additional board-certified/ 
-eligible neurologist, preferably 
with interest in EMG and evoked 
potentials. 


Currently the staff includes one 
child neurologist, five adult 
neurologists and three neuro- 
surgeons. State-of-the-art 
support services and equipment 
are in place. Ample outdoor 
recreational and cultural facili- 
ties are available. 


Please respond with complete 
curriculum vitae to: 


James G. Brueggemann, MD 
Medical Director 
The Duluth Clinic, Ltd. 
400 East Third Street 
Duluth, MN 55805 


he a 
we. 


An equal opportunity employer. 



























IMMEDIATE OPENING 
FORA 


GENERAL 
IEUROLOGIST 


Private practice opportunity avail- 
able immediately in east Tennessee 
with a well established neurologic 
practice. 


Candidate should be BE/BC with 


competence in EEG, EMG and 
evoked potentials. Compensation 
individually negotiable. Excellent 
benefits also included. There is a 
wide variety of recreational facilities 
also available in the area. 


Please submit CV to: 
oe E 
TENNESSEE 
i NEUROLOGY 


CLINIC 


Suite 501 
Baptist Professional 
Building 
Knoxville, TN 37920 








-Professional Opportunities 


BO Le be ole ee Sai Retr nae AN 
BC/BE ADULT NEUROLOGIST, with expertise in 
EEG, wanted to join a BC adult neurologist in a 
44-physician multi-specialty group in a southern 
Wisconsin college town. Please send CV to: J.F. 
Ruethling, Administrator, Beloit Clinic, S.C., 1905 
Huebbe Parkway, Beloit, WI 53511. Telephone: 
(608) 364-2200. 


to quality care located in a beautiful section of cen- 
tral Pennsylvania which emphasizes the family- 
oriented lifestyle. Cultural and recreational oppor- 
tunities are within close proximity. Guaranteed 
salary, incentive program, and excellent benefit 
package. Send curriculum vitae to: Ron Fisher, 
Clinic Administrator, Geisinger Medical Group, 300 
Highland Avenue, Lewistown, PA 17044. An equal 
Opportunity employer. 





SOUTHEAST COAST — Pediatric neurologist 
needed for busy practice, currently with one pediat- 
ric and two adult neurologists with strong academic 
backgrounds. CT, EEG, EMG, and physical therapy 
available in office; consult practice in three hospi- 
tals. First year guarantee of $80,000 plus bonus, 
leading to full partnership after two years. Earnings 
potential, quality of life, availability of strong multi- 
specialty support are extraordinarily attractive. Reply 
to: Savannah Neurological Associates, P.C., P.O. 
Box 23059, Savannah, GA 31403. 





WISCONSIN — Marshfield Clinic, a multi-specialty 
group practice with 350 physicians, is seeking 
BE/BC neurologists to join expanding regional cen- 
ters. Positions available in two locations: one in 
northwestern Wisconsin within 90 miles of Minne- 
apolis; and one, a group practice of 25 physicians, in 
north central Wisconsin approximately 1% hours 
from Lake Superior. Communities offer exceptional 
recreational, cultural, and educational opportuni- 
ties. An emphasis on quality practice and life-style is 
combined with a total compensation package on 
reaching membership, in excess of $180,000. Start- 
ing salary negotiable. No start-up expense. Send CV 
and references to: David L. Draves, Director Regional 
Development, Marshfield Clinic, 1000 North Oak 
Avenue, Marshfield, WI 54449. Or call collect at: 
(715) 387-5376. 





ATTENTION PHYSICIAN RECRUITERS. The 
“Classified Advertising” sections now in all nine 
AMA Specialty Journals target the physician you 
want. These highly visible sections put your 
message in the hands of every specialist that quali- 
fies for your professional opportunity, every month. 
To place the ad of your choice, any size, call toll 
free: (800) 237-9851; or in Florida (800) 553-8288. 





BC/BE ADULT NEUROLOGIST, with expertise in 
EEG, wanted to join a BC adult neurologist in a 
44-physician multi-specialty group in a southern 
Wisconsin college town. Please send CV to: J.F. 
Ruethling, Administrator, Beloit Clinic, S.C., 1905 
Huebbe Parkway, Beloit, WI 53511. Telephone: 
(608) 364-2200. 





MASON CITY, IOWA: Progressive multi-specialty 
group looking for neurologist to join established 
practice. Small-town security within two hours of 
Minneapolis and Des Moines. MRI, CT, Sleep Lab, 
EEG, EMG, Neurosurgery, Cardiac Surgery, Ortho- 
pedic Surgery, Cancer Center, GI Lab, and ENT 
capabilities. Excellent salary and benefits. Submit 
CV to: Ralph A. Wolf, Administrator, 300 North 
Eisenhower Avenue, Mason City, IA 50401. (515) 
421-5446. 





BC/BE NEUROLOGIST to join busy neurology 
practice in southeast Virginia, South Hampton 
Roads area, near Norfolk, Williamsburg and Outer 
Banks. University affiliation available. EMG training 
desirable. Competitive salary leading to partner- 
ship. Send CV to: R.B. Hansen, MD, 1900 North Main 
Street, Suffolk, VA 23434. 





CHARLOTTE, NORTH CAROLINA: High quality 
group of six neurologists, all of whom are subspe- 
cialized, seeks to add a well-trained neuroncologist. 
Contact: Mike Kaufman, MD, 126 Cottage Place, 
Charlotte, NC 28207; or call: (704) 334-7311. 


NEUROLOGIST — BE/BC to join a neurologist in a | 
i growing multi-specialty group practice committed | 





Professional Opportunities. 


NEUROLOGIST — Texas gulf coast: Excellent op- 
portunity for a young energetic, neurologist to join 
this thriving practice. Competitive salary and bene- 
fits as well as early partnership. Please reply to: Box 
#810, c/o AON. 


NEED A DOCTOR? For the most comprehensive 
coverage to specific specialties and select sub- 
specialties, put your recruitment ad in an AMA spe- 
cialty journal. We target your ad to the physician 
you want. To schedule your ad call our “Classified 
Advertising” office: National (800) 237-9851; Florida 
(800) 553-8288. 


NEUROLOGIST — BE/BC to join thriving practice 
in suburban Pittsburgh, Excellent opportunity with 
two community hospitals. Comprehensive diagnos- 
tic laboratory facilities adjacent to main office. 
Interest in EMG/EEG desirable. Competitive salary, 
leading to partnership. Convenient to excellent 
schools and quality affordable housing. Contact: 
Kelly McMahon, Daniel Stern & Associates, 211 
North Whitfield Street, Suite 240, Pittsburgh, PA 
15206. (800) 438-2476. 





















NEUROLOGIST 


The OCHSNER CLINIC of Baton Rouge 
seeks additional neurologists to expand its 
department in our large multi-specialty 
clinic there. Baton Rouge is a major cultur- 
al center, a regional medical referral site, 
and is home to the state's largest university 
population. The practice offers an oppor- 
tunity to practice with physicians of supe- 
rior training and ability in a setting which 
supports innovation and involvement in 
education and research. Interested indi- 
viduals should forward their CV to: 
Medical Director 
Ochsner Clinic of Baton Rouge 

16777 Medical Center Drive 

Baton Rouge, LA 70816 








ARE THERE professional settings you've always 
wanted to sample? Consider joining CompHealth, 
the nation’s largest locum tenens group. If you qual- 
ify, you can practice from Florida to Alaska — fora 
week to several years or anything in between — it's 
your choice. You'll enjoy the experience of a life- 
time. CompHealth provides competitive earnings 
and takes care of the malpractice premiums and 
major expenses like housing and transportation. 
What's more, you'll spend less time on paperwork 
and more time on quality health care. Openings 
available now. Call: (800) 328-3035 toll-free (in 
Utah) (801) 264-6400. 





Residencies 


NEUROLOGY RESIDENT position opening avail- 
able for a first-year (PGY-II) resident in neurology at 
Oregon Health Sciences University, starting July 15, 
1990. This position offers an opportunity to train ina 
stimulating, academic environment located in the 
beautiful Pacific northwest. Interested parties should 
contact: Earl A. Zimmerman, MD, Professor and 
Chairman, Department of Neurology (L-226), 
Oregon Health Sciences University, 3181 South- 
west Sam Jackson Park Road, Portland, OR 97201- 
3098. (503) 279-7321. 


NEUROLOGY RESIDENT - A PGY-II residency 
position starting July or later in 1990 is available in 
the Department of Neurology, The University of 
Maryland at Baltimore. The department is academi- 
cally oriented with 30 full-time faculty and strong 
clinical programs in neuroimmunology, stroke, epi- 
lepsy, Alzheimers disease and neuromuscular con- 
ditions. The department also oversees all neuro- 
rehabilitation activities at the medical center. 
Baltimore is a highly attractive city in which to train. 
Applicants must have completed a PGY-I year with 
at least 6 months of internal medicine. Contact: 
Kenneth P. Johnson, MD, Chairman, Department of 
Neurology, University of Maryland Hospital, 22 
South Greene Street, Baltimore, MD 21201. 








Fellowships 


MOVEMENT DISORDER FELLOWSHIP available 
July 1990. Applicant must have completed resid- 
ency training in neurology. Primary focus is on the 
evaluation and treatment of Parkinson's disease and 
other movement disorders. Applicant will also par- 
ticipate in clinical drug trials as well as ongoing 
research projects in magnetic resonance imaging 
and neurotransplantation. For more information, 
contact: C.W. Olanow, MD, Department of Neurol- 
ogy, University of South Florida, 33606. (813) 
253-4455. 





FELLOWSHIP IN DIAGNOSTIC and experimental 
neuropathology. The Neuropathology Laboratory 
at The Johns Hopkins University School of Medi- 
cine has fellowship positions available as of July 1, 
1990. Qualifications include an MD degree and a 
background in clinical neurosciences or pathology. 
Applicants should send resumes and letters of 
recommendation to: Donald L. Price, MD, Neuro- 
pathology Laboratory, The Johns Hopkins Univer- 
sity School of Medicine, 509 Pathology Building, 
600 North Wolfe Street, Baltimore, MD 21205-2181. 
Affirmative action/equal opportunity employer. 
Because of funding requirements, applicants limited 
to US citizens/permanent residents. 





Faculty Positions 


| NEUROLOGIST — BC/BE. The Texas College of 


Osteopathic Medicine is recruiting an academically 
oriented neurologist with interest in clinical neurol- 
ogy, teaching and research. Faculty appointment 
provides competitive salary with excellent fringe 
benefits. Please send curriculum vitae and letter of 
inquiry to: William E. McIntosh, DO, Associate Pro- 
fessor of Medicine/Neurology, Texas College of 
Osteopathic Medicine, 3516 Camp Bowie Boule- 
vard, Fort Worth, TX 76107. TCOM is an affirmative 
action/equal opportunity employer. 


THE DEPARTMENT OF NEUROLOGY, University 
of California, Davis is seeking a board-eligible/ 
-certified neurologist to fill a full-time faculty posi- 
tion. Applicants must hold a current California 
license, or be eligible for licensure in the state of 
California. Demonstrated competence in patient 
care and teaching of medical students and house- 
staff is desirable, with demonstrated potential for 
administrating programs of clinical investigation. 
Individuals with experience and interest in muscle 
disorders are encouraged to apply. Level of appoint- 
ment will be commensurate with credentials. Inter- 
ested candidates should send curriculum vitae, with 
names and addresses of three professional refer- 
ences to: Michael P. Remler, MD, Professor and Chair, 
Department of Neurology, University of California, 
Davis Medical Center, 2315 Stockton Boulevard, 
Room 5308, Sacramento, CA 95817. Applications 
will be accepted through August 31, 1990. The Uni- 
versity of California is an affirmative action/equal 
opportunity employer and encourages application 
from all qualified women and ethnic minorities. 





3 Practices Available 


NEUROLOGY PRACTICE for sale. Price: $70,000. 
Minimum net is $102,000/year. Totally equipped. 
Financing is available for five years at ten percent. 
Beautiful central coast of California. Available to 
begin business August 1. Call collect: (805) 528-5302. 





Medical Equipment/ Supplies 


FOR SALE OR ASSUME LEASE 


BIOLOGIC Ill 


21 channel Brain Mapping and Evoked 
Potentials. Lease terminates October 


1992, $1.00 buyout. Call: 


(503) 635-1111 
for further information. 





PLEASE NOTE—Address replies to box number 
ads as follows: Box number, , c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 











Faculty Positions 


OS ES ER EE Ne SL Le ee See aN DA ee SY eh 
THE DEPARTMENT OF NEUROLOGY at the Uni- 
versity of Louisville, School of Medicine is seeking a 
faculty member for a full-time academic appoint- 
ment. Applicant must be board-eligible in neurology 
and neurodiagnostics, preferably with a completed 
fellowship in neurophysiology and electrodiagnos- 
tic medicine. Must be committed to education both 
at the undergraduate and graduate levels. Contact: 
William H. Olson, MD, Chairman, Department of 
Neurology, University of Louisville, Louisville, KY 
40292. (502) 588-7981. EO/AAE. 





FULL-TIME, TENURE-TRACK faculty opportuni- 
ties available in the Department of Neurology, 
Creighton University, for BC/BE pediatric neurolo- 
gist, EMG/neuromuscular specialist and cerebro- 
vascular disease specialist. The successful appli- 
cants will be provided laboratory space and support 
in a dynamic growing department, will take an active 
role in the Creighton-Nebraska neurology training 
program and will be afforded ample research and 
Clinical collaborative opportunities for career 
advancement. Creighton is a well established uni- 
versity and medical center with expanding and 
diverse facilities, which include a new PET center. 
Omaha, with a metropolitan population of 600,000 in 
America’s heartland, offers an ideal location to raise 
a family, with excellent schools, low crime, and plen- 
tiful Cultural and recreational diversions. Please 
send inquiries to: John M. Bertoni, MD, PhD, Pro- 
fessor and Chairman, Department of Neurology, 
601 North 30th Street, Suite 2342, Omaha, NE 68131. 
Equal opportunity employer. 





CHILD NEUROLOGIST — Full-time position at 
700-bed university-affiliated teaching hospital 
includes consulting, teaching, and protected time 
for research responsibilities. Close collaboration 
with our highly acclaimed developmental/behav- 
ioral division anticipated. Faculty appointment at 
the University of Connecticut. Send CV to: John 
Di Liberti, MD, Saint Francis Hospital and Medical 
Center, 114 Woodland Street, Hartford, CT 06105. 








day, July 25th. 
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Place my ad under the heading 





Enclosed is my check for $ 
must be prepaid with order. 
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We Target The Physician 
You Want! 


Send us your advertising order today. Just complete the coupon below and attach 
your typewritten copy. The next available issue is September which closes Wednes- 


times, beginning with the 


Eastern Virginia Medical School 


is seeking qualified applicants 
for the position of 


PROFESSOR AND 
CHAIRPERSON 


Department of Neurology 


The candidate must be board-certified 
in neurology with proven excellence 
in education, research and patient 
care with an emphasis in establishing 
a successful neurology residency and 
research program. Interested appli- 
cants should send an updated CV and 
name of three references to: 


Steven K. Gudeman, MD 
Chairman of 
Neurology Search Committee and 
Chairman of the 
Department of Neurosurgery 
Eastern Virginia Medical School 


RESLO 


K? € OF ny, 
S e Ha A 


825 Fairfax Avenue 
Norfolk, VA 23507 
(804) 446-7401 


in S 
. . aY 
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Eastern Virginia Medical School is an equal 
opportunity and affirmative action employer. 





The classified rate is $ .95 per word for one issue. For three issues or more, the rate is 
$ .85 per word per issue. Minimum classified ad is 20 words. 





. All advertising 











Send all copy and payments to: 
archives of 


Neurology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 O Florida (800) 553-8288 O Local (813) 443-7666 











ONCE-DAILY 


eon 


—— 
LONG ACTING w Ld 


60.80.120 60 mg 80 mg 120 mg 160 mg 


60,80, 120, 160 mg 





(PROPRANOLOL HCI) 


BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR. ) 
INDERAL® LA brand of propranolol hydrochloride (Long Acting Capsules) 


DESCRIPTION. INDERAL LA is formulated to provide a sustained release of propranolol 
hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules. 


CLINICAL PHARMACOLOGY. INDERAL is a nonselective, beta-adrenergic receptor-blocking 
agent possessing no other autonomic nervous system activity. It specifically competes with 
beta-adrenergic receptor-stimulating agents for available receptor sites. When access to beta- 
receptor sites is blocked by INDERAL, the chronotropic, inotropic, and vasodilator responses to 
beta-adrenergic stimulation are decreased proportionately. 

INDERAL LA Capsules (60, 80,120, and 160 mg) release propranolol HCI at a controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours, 
and the apparent plasma half-life is about 10 hours. When measured at steady state over a 24- 
hour period the areas under the propranolol plasma concentration-time curve (AUCs) for the 
capsules are approximately 60% to 65% of the AUCs for a comparable divided daily dose of 
INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
propranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
hour period, blood levels are fairly constant for about twelve (12) hours, then decline 
exponentially. 

INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
propranolol and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
propranolol, a possible need for retitration upwards should be considered, especially to 
maintain effectiveness at the end of the dosing interval. In most clinical settings, however, 
such as hypertension or angina where there is little correlation between plasma levels and 
clinical effect, INDERAL LA has been therapeutically equivalent to the same mg dose of 
conventional INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour 
exercise responses of heart rate, systolic pressure, and rate pressure product. INDERAL LA 
can provide effective beta blockade for a 24-hour period. 


INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the management of 
hypertension; it may be used alone or used in combination with other antihypertensive agents, 
particularly a thiazide diuretic. INDERAL LA is not indicated in the management of hypertensive 
emergencies. 

Angina Pectoris Due to Coronary Atherosclerosis: INDERAL LA is indicated for the long- 
term management of patients with angina pectoris. 

Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache. The 
efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use. 

Hypertrophic Subaortic Stenosis: INDERAL LA is useful in the management of hypertrophic 
subaortic stenosis, . especially for treatment of exertional or other stress-induced angina, 
palpitations, and syncope. INDERAL LA also improves exercise performance. The effectiveness 
of propranolol hydrochloride in this disease appears to be due to a reduction of the elevated 
outflow pressure gradient, which is exacerbated by beta-receptor stimulation. Clinical 
improvement may be temporary. 


CONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
bradycardia and greater than first-degree block; 3) bronchial asthma; 4) congestive heart failure 
(see WARNINGS), unless the failure is secondary to a tachyarrhythmia treatable with INDERAL. 


WARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component 
supporting circulatory function in patients with congestive heart failure, and its inhibition by beta 
blockade may precipitate more severe failure. Although beta blockers should be avoided in 
overt congestive heart failure, if necessary, they can be used with close follow-up in patients 
with a history of failure who are well compensated and are receiving digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of digitalis on heart muscle. 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore. at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response observed 
closely, or INDERAL should be discontinued (gradually, if possible) 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 


INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advisable 
to reinstitute INDERAL therapy and take other measures appropriate for the management 
of unstable angina pectoris. Since coronary artery disease may be unrecognized, it may 
be prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease who are given propranolol for other indications. 





Nonallergic Bronchospasm (eg, chronic bronchitis, emphysema)—PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA BLOCKERS. 
INDERAL should be administered with caution since it may block bronchodilation produced by 
endogenous and exogenous catecholamine stimulation of beta receptors. 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures. 

INDERAL, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its 
effects can be reversed by administration of such agents, eg, dobutamine or isoproterenol. 
However, such patients may be subject to protracted severe hypotension. Difficulty in starting 
and maintaining the heartbeat has also been reported with beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and sweating may not be significantly 
affected. Following insulin-induced hypoglycemia, propranolol may cause a delay in the 
recovery of blood glucose to normal levels. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms of 
hyperthyroidism, including thyroid storm. Propranolol may change thyroid-function tests, 
increasing T4 and reverse T3, and decreasing T3. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 


requiring a demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
propranolol. 


PRECAUTIONS. GENERAL: Propranolol should be used with caution in patients with impaired 
hepatic or renal function. INDERAL is not indicated for the treatment of hypertensive 
emergencies. 

Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should be 
told that INDERAL may interfere with the glaucoma screening test. Withdrawal may lead to a 
return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reserpine 
should be closely observed if INDERAL (propranolol HCl) is administered. The added 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, 
or orthostatic hypotension. 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug, especially intravenous verapamil, for both agents may depress 
myocardial contractility or atrioventricular conduction. On rare occasions, the concomitant 
intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure or recent myocardial 
infarction. 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol. 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma levels 
of both drugs. 

Antipyrine and lidocaine have reduced clearance when used concomitantly with propranolol. 
Thyroxine may result in a lower than expected T} concentration when used concomitantly with 
propranolol. 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels. 

Theophylline clearance is reduced when used concomitantly with propranolol. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18-month 
studies, in both rats and mice, employing doses up to 150 mg/kg/day, there was no evidence of 
significant drug-induced toxicity. There were no drug-related tumorigenic effects at any of the 
dosage levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. 

PREGNANCY: Pregnancy Category C: INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 

Cardiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypotension; 
paresthesia of hands; thrombocytopenic purpura: arterial insufficiency, usually of the Raynaud 
type. 

Central Nervous System: Light-headedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; vivid dreams; an acute reversible syndrome characterized by 
disorientation for time and place, short-term memory loss, emotional lability, slightly clouded 
sensorium, and decreased performance on neuropsychometrics. For immediate formulations, 
fatique, lethargy, and vivid dreams appear dose related. 

Gastrointestinal: Nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: Pharyngitis and agranulocytosis, erythematous rash, fever combined with aching and 
sore throat, laryngospasm, and respiratory distress. 

Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Auto-lmmune: In extremely rare instances, systemic lupus erythematosus has been reported. 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving the 
skin, serous membranes, and conjunctivae reported for a beta blocker (practolol) have not been 
associated with propranolol. 


DOSAGE AND ADMINISTRATION: INDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION-—Dosage must be individualized. The usual initial dosage is 80 mg INDERAL 
LA once daily, whether used alone or added to a diuretic. The dosage may be increased to 120 
mg once daily or higher until adequate blood pressure control is achieved. The usual 
maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 mg may 
be required. The time needed for full hypertensive response to a given dosage is variable and 
may range from a few days to several weeks. 

ANGINA PECTORIS—Dosage must be individualized. Starting with 80 mg INDERAL LA once 
daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

if treatment is to be discontinued, reduce dosage gradually over a period of a few weeks {see 
WARNINGS), 

MIGRAINE—Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA once 
daily. The usual effective dose range is 160-240 mg once daily. The dosage may be increased 
gradually to achieve optimal migraine prophylaxis. If a satisfactory response is not obtained 
within four to six weeks after reaching the maximal dose, INDERAL LA therapy should be 
discontinued. It may be advisable to withdraw the drug gradually over a period of several weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS-—80-160 mg INDERAL LA once daily. 

PEDIATRIC DOSAGE-At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. 
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Patients suffering two or more migraines 
per month, or especially’severe migraine 
attacks, may need more than abortive 
therapy. 


Prevention Other Agents Can’t Provide 


INDERAL” LA significantly reduces 
the frequency and sev erity of common- 
migraine headaches. 


Effective, well-tolerated migraine 
prevention is usually achieved with 
160 to 240 mg once daily. 


INDERAL* LA. The only agent 
indicated for long-term migraine 
prevention. 


Evaluate it for yourself. 
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Please see next page for brief summary of prescribing information 


INDERAL LA should not be used in the presence of congestive heart failure, sinus 
bradycardia, cardiogenic shock, heart block greater than first degree, and bronchial 
asthma. 
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A Unique 
Mechanism in 
Parkinson's 
Disease 
Therapy 


How to 


Initiate Eldepryl 


Therapy 


Uncomplicated 
Therapy 


e No titration required 


e Rx 10 mg./day 5 mg. b.i.d. 
breakfast and lunch 


=e No dietary restriction 
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In patients taking levodopa/carbidopa 4 


Eldepryl can: : 
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Conserve dopamine two ways: 


œ blocks dopamine inactivation by MAO-B: 
may block dopamine re-uptake at pre-synaptic receptor 


e makes more dopamine available to 
post-synaptic receptor 
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Improve Symptom Control 


e reduce “on-off? decrease tremor and sialorrhea, 
improve overall disability 


R hy eS oy ain: 
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After 2 or 3 days, 

if dopaminergic 
side-effects appear 
(eg. dyskinesias) 
begin reducing 
levodopa/carbidopa. 
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SELEGILINE HYDROCHLORL 
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_ BRIEF SUMMARY 
- CLINICAL PHARMACOLOGY: | 
_ The mechanisms accounting for selegiline’s beneficial adjunctive action in the treatment of Parkinson's dis- 
- ease are not fully understood. Inhibition of monoamine oxidase, type B, activity is generally considered to be 
primary importance; in addition, there is evidence that selegiline may act through other mechanisms to in- 
-Crease dopaminergic activity. 
_ INDICATIONS AND USAGE: | 
ELD -PRYL is indicated as an adjunct in the management of Parkinsonian patients being treated with lev- 
-odopa/carbidopa who exhibit deterioration in the quality of their response to this therapy. There is no evi- 
dence from controlled studies that selegiline has any beneficial effect in the absence of concurrent levodopa 
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-Evidence supporting this claim was obtained in randomized controlled clinical investigations that com- 

bt the effects of added selegiline or placebo in patients receiving levodopa/carbidopa. Selegiline was 

-significantly superior to placebo on all three principal outcome measures employed: change from baseline in 
daily le carbidopa dose, the amount of ‘off’ time, and patient self-rating of treatment success. Benefi- 

-Cial effects were also observed on other measures of treatment success (e.g., measures of reduced end of 

_ dose akinesia, decreased tremor and sialorrhea, improved speech and dressing ability and improved overall 

-disability as assessed by walking and comparison to previous state). 

_ CONTRAINDICATIONS: 

__ ELDEPRYL is contraindicated in patients with a known hypersensitivity to this drug. 

_ WARNINGS: 

_ Selegiline should not be used at daily doses exceeding those recommended (10 mgiday) because of 

_ the risks associated with non-selective inhibition of MAO. (See CLINICAL PHARMACOLOGY.) 

ary 


y 


The selectivity of selegiline for MAO B may not be absolute even at the recommended daily dose of 10 mg 
day and selectivity is further diminished with increasing daily doses. The precise dose at which selegiline 
becomes a non-selective inhibitor of all MAO is unknown, but may be in the range of 30 to 40 mg a day. 

- Because of reports of fatal interactions, MAOIs are ordinarily contraindicated for use with meperidine (DE- 
~ MEROL & other tradenames). This warning is often extended to other opioids. Because the mechanism of in- 
_ teraction between MAOIs and meperidine is unknown, it seems prudent, in general, to avoid this 
~ combination. 


Some p ve given selegiline may experience an exacerbation of levodopa associated side effects, pre- 
suma ue to the increased amounts of dopamine reacting with super-sensitive post-synaptic receptors. 
These effects may often be mitigated by reducing the dose of levodopa/carbidopa by approximately 10 to 


CA 


‘ 


0%. 

iy _ The decision to prescribe selegiline should take into consideration that the MAO system of enzymes is 
-complex and incompletely understood and there is only a limited amount of carefully documented clinical ex- 
perience with selegiline. Consequently, the full spectrum of possible responses to selegiline may not have 
_ been observed in pre-marketing evaluation of the drug. It is advisable, therefore, to observe patients closely 
_ for atypical responses. 

-Information for Patients 

_ Patients should be advised of the possible need to reduce levodopa dosage after the initiation of ELDEPRYL 


-Patients (or their families if the patient is incompetent) should be advised not to exceed the daily recom- 
mended dose of 10 mg. The risk of using higher daily doses of selegiline should be explained, and a brief 
ion of the ‘cheese reaction’ provided. While hypertensive reactions with selegiline have not been re- 
orted, documented experience is limited. Consequently, it may be useful to inform patients (or their families) 
about the signs and symptoms associated with MAOI induced hypertensive reactions. In particular, patients 
_ should be urged to report, immediately, any severe headache or other atypical or unusual symptoms not pre- 
vious! experienced. 
. Labo Eory iaaa i ; we: 
_ No specific laboratory tests are deemed essential for the management of patients on ELDEPRYL. Periodic 
~ routine evaluation of all patients, however, is appropriate. 
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H Dug Interactions 

-No interactions attributed to the combined use of selegiline and other drugs have been reported. However, 
"because the database of documented clinical experience is limited, the level of reassurance provided by this 
lack of adverse reporting is uncertain, (See WARNINGS and PRECAUTIONS. ) 


i enesis, Mutagenesis, and Impairment of Fertility 


e not been performed to 
- Pregr BA category C. Insufficient animal reproduction studies have been done with selegiline to conclude 

tha seleg oti no teratogenic risk. However, one rat study carried out at doses as much as 180 fold the 

recommen human dose revealed no evidence of a teratogenic effect. It is not known whether selegiline 
can cause fetal harm when administered to a pregnant woman or can affect reproduction capacity. Selegiline 

__ should be given to a pregnant woman only if clearly needed. 

~ Nursing Mothers : | 

~ It is not known whether selegiline hydrochloride is excreted in human milk. Because many drugs are excret- 

ed in human milk, consideration should be given to discontinuing the use of all but absolutely essential drug 

: ments in nursing women. 


te to evaluate the carcinogenic potential of selegiline hydrochloride. 
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The number of patients who received solapiine in prospectively monitored pre-marketing studies is limited. 

hile other sources of information about the use of selegiline are available (e.g., literature reports, foreign 
ost-marketing reports, etc.) they do not provide the kind of information necessary to estimate the incidence 
4] events. Thus, overall incidence figures for adverse reactions associated with the use of selegiline 
annot be provided. Many of the adverse reactions seen have been also reported as symptoms of dopamine 

_ Moreover, the importance and severity of various reactions reported often cannot be ascertained. One in- 
_ dex of relative importance, however, is whether or not a reaction caused treatment discontinuation. In 
_ prospective prée-marketing studies, the following events led, in decreasing order of frequency, to discontinua- 

ion of treatment with selegiline: nausea, hallucinations, confusion, depression, loss of balance, insomnia, or- 
_ thosté penaren increased akinetic involuntary movements, agitation, arrhythmia, bradykinesia, chorea, 
delusions, hypertension, new or increased angina pectoris and syncope. Events reported only once as a 
- Cause of discontinuation are ankle edema, anxiety, burning lips/mouth, constipation, drowsiness/ethargy, 
_ vousness, weakness and weight loss 


onia, excess perspiration, increased freezing, gastrointestinal bleeding, hair loss, increased tremor, ner- 

(perience with EL obtained in co placebo controlled, randomized studies provides ay a 

Te- 

- quency arr ients eo er to selegiline as compar 
_ the only ; controll 

_ lowing Table. None of these adverse reactions (shown in table) led to a discontinuation of treatment. 


| : 
-In all prospectively monitored clinical investigations, enrolling approximately 920 patients, the following ad- 
verse € Wie diaso by body system, were reported. 


alling down, heavy leg, muscle twitch’, myoclonic jerks’, stiff neck, 
mh en involuntary movements, freezing, festination, increased 


- Mental Status/Bi 
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dry mouth, blurred vision, 


back pain, leg pain, tinnitus, migraine, supraorbital pain, throat burn- 
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UTONOMIC NERVOUS SYSTEM: 

xual dysfunction. 
CARDIOVASCULAR: FA oA 
orthostatic hypotension, hypertension, arrhythmia, palpitations, new or increased angina pectoris, hypoten- 
sion, tachycardia, peripheral edema, sinus bradycardia, syncope. p 
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GASTROINTESTINAL: Nee 


nausea/vomiting, constipation, weight loss, anorexia, poor appetite, dysphagia, diarrhea, heartburn, rectal $ 
bleeding, bruxism’, gastrointestinal bleeding (exacerbation of preexisting ulcer disease). 


GENITOURINARY/GYNECOLOGIC/ENDOCRINE: 
slow urination, transient anorgasmia’, nocturia, prostatic hypertrophy, urinary hesitancy, urinary retention, de- 
creased penile sensation’, urinary frequency. 


SKIN AND APPENDAGES: 
increased sweating, diaphoresis, facial hair, hair loss, hematoma, rash, photosensitivity. 


MISCELLANEOUS: 
asthma, diplopia, shortness of breath, speech affected. 


POSTMARKETING REPORTS: 
The following experiences were described in spontaneous postmarketing reports. These reports do not pro- 
vide sufficient information to establish a clear causal relationship with the use of Eldepryl. 
CNS: Seizure in dialyzed chronic renal failure patient on concomitant medications. 
‘indicates events reported only at doses greater than 10 mg/day. 





INCIDENCE OF TREATMENT-EMERGENT ADVERSE EXPERIENCES IN 
THE PLACEBO-CONTROLLED CLINICAL TRIAL 


Adverse Event 





Number of Patients Reporting Events 


selegiline 
hydrochloride 
N=49 


Nausea 10 
Dizziness/Lightheaded/Fainting 7 
Abdominal Pain 
Confusion 3 
Hallucinations 3 
Dry mouth 3 
Vivid Dreams 2 
2 
2 
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placebo 


N=50 


Dyskinesias 
Headache 
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The following events were reported once in either or both groups: 


Ache, generalized 
Anxiety/Tension 
Anemia 

Diarrhea 

Hair Loss 
Insomnia 
Lethargy 

Leg pain 

Low back pain 
Malaise 
Palpitations 
Urinary Retention 
Weight Loss 
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OVERDOSAGE: 

Selegiline 

No specific information is available about Clinically significant overdoses with ELDEPRYL. However, experi- 
ence gained during selegiline's development reveals that some individuals exposed to doses of 600 mg d.l 
selegiline suffered severe hypotension and psychomotor agitation. 

Since the selective inhibition of MAO B by selegiline hydrochloride is achieved only at doses in the range 
recommended for the treatment of Parkinson's disease (e.g., 10 mg/day), overdoses are likely to cause sig- 
nificant inhibition of both MAO A and MAO B. Consequently, the signs and symptoms of overdose may re- 
semble those observed with marketed non-selective MAO inhibitors [e.g., tranylcypromine (PARNATE), 
isocarboxazide (MARPLAN), and phenelzine (NARDIL)]. 


Overdose with Non-Selective MAO Inhibition 
NOTE: This section is provided for reference; it does not describe events that have actually been observed 
with selegiline in overdose. 

Characteristically, signs and symptoms of non-selective MAOI overdose may not appear immediately. De- 
lays of up to 12 hours between ingestion of drug and the appearance of nde may occur. Importantly, the 
peak intensity of the syndrome may not be reached for upwards of a day following the overdose. Death has 
been reported following overdosage. Therefore, immediate hospitalization, with continuous patient observa- 
tion and monitoring for a period of at least two days following the ingestion of such drugs in overdose is 
strongly recommended. 

The clinical picture of MAOI overdose varies considerably; its severity may be a function of the amount of 
drug consumed. The central nervous and cardiovascular systems are prominently involved. 

igns and symptoms of overdosage may include, alone or in combination, any of the following: drowsi- 
ness, dizziness, faintness, irritability, hyperactivity, agitation, severe headache, hallucinations, trismus, - 
opisthotonus, convulsions, and coma; rapid and irregular pulse, hypertension, hypotension and vascular col- 
lapse; precordial pain, respiratory depression and failure, hyperpyrexia, diaphoresis, and cool, clammy skin. 


Treatment Suggestions for Overdose 

NOTE: Because there is no recorded experience with selegiline overdose, the following suggestions are of- 
fered based upon the assumption that selegiline overdose may be modeled by non-selective MAOI poisoning. 
In any case, up-to-date information about the treatment of overdose can often be obtained from a certified Re- 
gional Poison Control Center. Telephone numbers of certified Poison Control Centers are listed in the Physi- 
cian's Desk Reference (PDR). 

Treatment of overdose with non-selective MAOIs is symptomatic and supportive. Induction of emesis or 
gastric lavage with instillation of charcoal slurry may be helpful in early poisoning, provided the airway has 
been protected against aspiration. ig and symptoms of central nervous system stimulation, including 
convulsions, should be treated with di 


central nervous system stimulants should be avoided. Hypotension and vascular collapse should be treated 


with intravenous fluids and, if necessary, blood pressure titration with an intravenous infusion of a dilute pres- 


sor agent. It should be noted that adrenergic agents may produce a markedly increased pressor response. 
Respiration should be supported by appropriate measures, including management of the airway, use of 
supplemental oxygen, and mechanical ventilatory assistance, as required. 


Body temperature should be monitored closely. Intensive management of hyperpyrexia may be required. — A 


Maintenance of fluid and electrolyte balance is essential. 
DOSAGE AND ADMINISTRATION: 


ELDEPRYL is intended for administration to Parkinsonian patients receiving levodopa/carbidopa therapy who — 7 


demonstrate a deteriorating response to this treatment. 
ELDEPRYL is 10 mg per day administered as divided doses of 5 mg each taken at breakfast and lunch. _ 


There is no evidence that additional benefit will be obtained from the administration of higher doses. More- 


ity 


over, higher doses should ordinarily be avoided because of the increased risk of side effects. 


After two to three days of selegiline treatment, an attempt may be made to reduce the dose of ENES S 


levodopa/carbidopa. A reduction of 10 to 30% was achieved with the typical participant in the domestic 


placebo controlled trials who was assigned to selegiline treatment. Further reductions of levodopa/carbidopa_ 4 aes A 
a $ eas re’ 


may be possible during continued selegiline therapy. 
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migrain 
Patients suffering two or more migraines 
per month, or especially severe migraine 


attacks, may need more than abortive 
therapy. 





Prevention Abortive Agents 
Can’t Provide 


INDERAL®* LA significantly reduces 
the frequency and severity of common- 
migraine headaches. 


Effective, well-tolerated migraine 
prevention is usually achieved with 
160 to 240 mg once daily. 


INDERAL® LA. The only 
once-daily agent indicated for 
long-term migraine prevention. 


Evaluate it for yourself. 


ONCE-DAILY 


NDERAL LA 
(PROPRANOLOL HCI) S334 ome 
Stop migraine 
before it starts! 


Protect Your Rx: Indicate 





“Do Not Substitute” 





Please see next page for brief summary of prescribing information. 


INDERAL LA should not be used in the presence of congestive heart failure, sinus 
bradycardia, cardiogenic shock, heart block greater than first degree, and bronchial 
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Stop migraine before it starts! 





BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
INDERAL® LA brand of propranolol hydrochloride (Long Acting Capsules) 


DESCRIPTION. INDERAL LA is formulated to provide a sustained release of propranolol 
hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules. 


CLINICAL PHARMACOLOGY. INDERAL is a nonselective, beta-adrenergic receptor-blocking 
agent possessing no other autonomic nervous system activity. It specifically competes with 
beta-adrenergic receptor-stimulating agents for available receptor sites. When access to beta- 
receptor sites is blocked by INDERAL, the chronotropic, inotropic, and vasodilator responses to 
beta-adrenergic stimulation are decreased proportionately. 

INDERAL LA Capsules (60, 80,120, and 160 mg) release propranolol HCI at a controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours, 
and the apparent plasma half-life is about 10 hours. When measured at steady state over a 24- 
hour period the areas under the propranolol plasma concentration-time curve (AUCs) for the 
capsules are approximately 60% to 65% of the AUCs for a comparable divided daily dose of 
INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
propranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
hour period, blood levels are fairly constant for about twelve (12) hours, then decline 
exponentially. 

INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
propranolol and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
propranolol, a possible need for retitration upwards should be considered, especially to 
maintain effectiveness at the end of the dosing interval. In most clinical settings, however, 
such as hypertension or angina where there is little correlation between plasma levels and 
Clinical effect, INDERAL LA has been therapeutically equivalent to the same mg dose of 
conventional INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour 
exercise responses of heart rate, systolic pressure, and rate pressure product. INDERAL LA 
can provide effective beta blockade for a 24-hour period. 


INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the management of 
hypertension; it may be used alone or used in combination with other antihypertensive agents, 
particularly a thiazide diuretic. INDERAL LA is not indicated in the management of hypertensive 
emergencies. 

Angina Pectoris Due to Coronary Atherosclerosis: INDERAL LA is indicated for the long- 
term management of patients with angina pectoris. 

Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache. The 
efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use. 

Hypertrophic Subaortic Stenosis: INDERAL LA is useful in the management of hypertrophic 
subaortic stenosis, especially for treatment of exertional or other stress-induced angina,, 
palpitations, and syncope. INDERAL LA also improves exercise performance. The effectiveness 
of propranolol hydrochloride in this disease appears to be due to a reduction of the elevated 
outflow pressure gradient, which is exacerbated by beta-receptor stimulation. Clinical 
improvement may be temporary. 


CONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
bradycardia and greater than first-degree block; 3) bronchial asthma; 4) congestive heart failure 
(see WARNINGS), unless the failure is secondary to a tachyarrhythmia treatable with INDERAL. 


WARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component 
supporting circulatory function in patients with congestive heart failure, and its inhibition by beta 
blockade may precipitate more severe failure. Although beta blockers should be avoided in 
overt congestive heart failure, if necessary, they can be used with close follow-up in patients 
with a history of failure who are well compensated and are receiving digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of digitalis on heart muscle. 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response observed 
closely, or INDERAL should be discontinued (gradually, if possible). 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 


INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advisable 
to reinstitute INDERAL therapy and take other measures appropriate for the management 
of unstable angina pectoris. Since coronary artery disease may be unrecognized, it may 
be prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease who are given propranolol for other indications. 





Nonallergic Bronchospasm (eg, chronic bronchitis, emphysema)—PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA BLOCKERS. 
INDERAL should be administered with caution since it may block bronchodilation produced by 
endogenous and exogenous catecholamine stimulation of beta receptors. 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures. 

INDERAL, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its 
effects can be reversed by administration of such agents, eg, dobutamine or isoproterenol. 
However, such patients may be subject to protracted severe hypotension. Difficulty in starting 
and maintaining the heartbeat has also been reported with beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and sweating may not be significantly 
affected. Following insulin-induced hypoglycemia, propranolol may cause a delay in the 
recovery of blood glucose to normal levels. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
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Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms of 
hyperthyroidism, including thyroid storm. Propranolol may change thyroid-function tests, 
increasing T4 and reverse T}, and decreasing Ta. 

IN PATIENTS WITH WOLFF-PARKINSON- WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
propranolol. 


PRECAUTIONS. GENERAL: Propranolol should be used with caution in patients with impaired 
hepatic or renal function, INDERAL is not indicated for the treatment of hypertensive 
emergencies. 

Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should be 
told that INDERAL may interfere with the glaucoma screening test. Withdrawal may lead to a 
return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS; Patients receiving catecholamine-depleting drugs such as reserpine 
should be closely observed if INDERAL (propranolol HCI) is administered. The added 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, 
or orthostatic hypotension. 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug, especially intravenous verapamil, for both agents may depress 
myocardial contractility or atrioventricular conduction. On rare occasions, the concomitant 
intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure or recent myocardial 
infarction. 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol. 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma levels 
of both drugs. 

Antipyrine and lidocaine have reduced clearance when used concomitantly with propranolol. 
Thyroxine may result in a lower than expected T} concentration when used concomitantly with 
propranolol. 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels. 

Theophylline clearance is reduced when used concomitantly with propranolol. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18-month 
studies, in both rats and mice, employing doses up to 150 mg/kg/day, there was no evidence of 
significant drug-induced toxicity. There were no drug-related tumorigenic effects at any of the 
dosage levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. 

PREGNANCY: Pregnancy Category C: INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 

Cardiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypotension; 
paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the Raynaud 


pe. 

Central Nervous System: Light-headedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; vivid dreams; an acute reversible syndrome characterized by 
disorientation for time and place, short-term memory loss, emotional lability, slightly clouded 
sensorium, and decreased performance on neuropsychometrics. For immediate formulations, 
fatigue, lethargy, and vivid dreams appear dose related. 

Gastrointestinal: Nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: Pharyngitis and agranulocytosis, erythematous rash, fever combined with aching and 
sore throat, laryngospasm, and respiratory distress. 

Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Auto-lmmune: In extremely rare instances, systemic lupus erythematosus has been reported. 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving the 
skin, serous membranes, and conjunctivae reported for a beta blocker (practolol) have not been 
associated with propranolol. 


DOSAGE AND ADMINISTRATION: INDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute for 
INDERAL, INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION—Dosage must be individualized. The usual initial dosage is 80 mg INDERAL 
LA once daily, whether used alone or added to a diuretic. The dosage may be increased to 120 
mg once daily or higher until adequate blood pressure control is achieved. The usual 
maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 mg may 
be required. The time needed for full hypertensive response to a given dosage is variable and 
may range from a few days to several weeks. 

ANGINA PECTORIS—Dosage must be individualized. Starting with 80 mg INDERAL LA once 
daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value and - 
safety of dosage exceeding 320 mg per day have not been established. 

lf treatment is to be discontinued, reduce dosage gradually over a period of a few weeks (see 
WARNINGS). 

MIGRAINE-—Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA once 
daily. The usual effective dose range is 160-240 mg once daily. The dosage may be increased 
gradually to achieve optimal migraine prophylaxis. If a satisfactory response is not obtained 
within four to six weeks after reaching the maximal dose, INDERAL LA therapy should be 
discontinued. It may be advisable to withdraw the drug gradually over a period of several weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS—80-160 mg INDERAL LA once daily. 

PEDIATRIC DOSAGE-At this time the data on the use of the drug in this age group are too 


limited to permit adequate directions for use. 


© 1990, Wyeth-Ayerst Laboratories. 63068R 
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Instructions for Authors 


Send manuscripts by first-class mail to the Chief Editor, Robert 
J. Joynt, MD, PhD, University of Rochester School of Medicine and 
Dentistry, 601 Elmwood Ave, Rochester, NY 14642. Manuscripts 
are received with the understanding that they are not under 
simultaneous consideration by another publication. Accepted 
manuscripts become the permanent property of the ARCHIVES and 
may not be published elsewhere without permission from the 
publisher (AMA). 

In addition, in view of The Copyright Revision Act of 1976, effective 
Jan 1, 1978, transmittal letters to the editor should contain the following 


_ language: “In consideration of the American Medical Association’s tak- 


ing action in reviewing and editing my submission, the author(s) under- 
signed hereby transfers, assigns, or otherwise conveys all copyright own- 
ership to the AMA in the event that such work is published by the AMA.” 
We regret that transmittal letters not containing the foregoing language 
signed by all authors of the submission will necessitate delay in review of 
the manuscript. 

Author Responsibility.— All accepted manuscripts are subject to 
copy editing. The author will receive an edited typescript rather 
than galley proofs for approval. The author is responsible for all 
statements in his work, including changes made by the copy 
editor. 

Designate one author as correspondent and provide his address 
and telephone number. Order reprints at the time the typescript is 
returned after editorial processing. Specify address to which 
requests for reprints should be sent. 

Manuscript Preparation.—Submit three high-quality copies of 
the entire manuscript. The copies will not be returned. The 
authors should keep the original manuscript for submission if 
accepted. The original manuscript (including references, legends, 
and tables) must be typed double-spaced on 21.6 X 27.9-cm 
8% X 11-in), heavy-duty white bond paper. Ample margins of at 
least 2.5 cm (1 in) should be provided. If a word processor is used, do 
not justify right-hand margins. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not be used 
in the text, tables, or illustrations. 

Titles.—Titles should be short, specific, and clear. They should 
not exceed 42 characters per line, including punctuation and 
spaces, and be limited to two lines, if possible. The title page 
should include the full names and academic affiliations of all 
authors, the address to which requests for reprints should be sent, 
and, if the manuscript was presented at a meeting, the name of the 
organization, place, and date on which it was read. 

Style of Writing.—The style of writing should conform to ac- 
ceptable English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 

Informed Consent.— Manuscripts reporting the results of experi- 
mental investigations of human subjects must include a statement 
to the effect that informed consent was obtained after the nature 
of the procedure(s) had been fully explained. 

Abstract.—Provide an abstract (135-word maximum) of the 
article, including statements of the problem, method of study, 
results, and conclusions. The abstract replaces the summary. 

References.—List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations 
should be to the original number. All references must be cited in 
the text or tables. Unpublished data and personal communications 
should not be listed as references. References to journal articles 
should include (1) author(s) (list all authors and/or editors up to 
six; if more than six, list the first three and “et al”), (2) title, (3) 
journal name (as abbreviated in Index Medicus), (4) year, (5) vol- 
ume number, and (6) inclusive page numbers, in that order. Refer- 
ences to books should include (1) author(s) (list all authors and/or 
editors up to six; if more than six, list the first three and “et al”), 
(2) chapter title (if any), (3) editor (if any), (4) title of book, (5) city 
of publication, (6) publisher, and (7) year. Volume and edition 
numbers, specific pages, and name of translator should be included 
when appropriate. The author is responsible for the accuracy and com- 
pleteness of the references and for their correct text citation. 

SI Units.—Use Système International (SI) measurements 


throughout the manuscript. (See June 1986 issue of the 


ARCHIVES.) 
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Illustrations.—The illustrations originally submitted will not be 
returned. High-quality copies may be used. Original illustrations 
should be kept by the author for submission if the manuscript is 
accepted. Use only those illustrations that clarify and augment 
the text. If accepted, submit illustrations in triplicate, unmounted 
and untrimmed. Do not send original artwork. Send high-contrast 
glossy prints (not photocopies). Figure number, name of senior 
author, and arrow indicating “top” should be typed on a gummed 
label and affixed to the back of each illustration. All lettering 
must be legible after reduction to column size. Artwork submitted 
for publication may be relettered to achieve uniformity of letter- 
ing style throughout the journal. Magnification and stain should 
be provided when pertinent. Illustrations should preferably be in 
a proportion of 12.7 X 7.3 em (5 X 7 in). 

An experienced medical illustrator should be employed whenev- 
er possible for the preparation of all artwork. Template lettering 
or preset type is preferred to hand-lettered labels. If halftone 
artwork with labels is submitted, affix type and leaders to a clear 
acetate overlay registered to the base drawing. Labels and leaders 
should be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. The ARCHIVES will pay part of the expense of repro- 
duction and printing color illustrations, the remainder to be borne 
by the author or his sponsor. After deducting the ARCHIVES’ 
contribution, the author’s share is $400 for up to six square- 
finished illustrations that can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed to the 
author at cost. Positive color transparencies (35 mm preferred) 
must be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All transparencies 
should be carefully packed and sent with the manuscript. 

Legends.—Legends should be typed double-spaced, beginning on 
a separate sheet of paper. Length should be limited to a maximum 
of 40 words. 

Photographic Consents.— A letter of consent must accompany all 
photographs of patients in which a possibility of identification 
exists. It is not sufficient to cover the eyes to mask identity. 

Acknowledgments.— Illustrations from other publications must 
be acknowledged. Include the following when applicable: 
author(s), title of article, title of journal or book, volume number, 
page(s), month, and year. The publisher’s permission to reprint 
should be submitted to the ARCHIVES after the manuscript has 
been formally accepted. 

Statistical Review.— Manuscripts containing statistical evalua- 
tions should include the name and affiliation of the statistical 
reviewer. 

Tables.— Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 X 27.9-em (8% X 11-in) 
paper. Do not use larger size-paper. If a table must be continued, 
use a second sheet and repeat all heads and stubs. Each table must 
have a title. 

Financial Disclosure.—In the cover letter, list all affiliations with, 
or financial involvement in, organizations or entities with a 
direct financial interest in the subject matter or material of the 
research discussed in the manuscript (eg, employment consultan- 
cies, stock ownership). All such information will be held in 
confidence during the review process. Should the manuscript be 
accepted, the Chief Editor will discuss with the author the extent 
of disclosures appropriate for publication. 

AMA Manual of Style.—This 1988 edition, formerly the Manual 
for Authors & Editors, is available from Williams & Wilkins, 428 E 
Preston St, Baltimore, MD 21202. Single copy price: $26.95. A ship- 
ping charge is added on all orders not prepaid. If additional order- 
ing information is needed, or to order by telephone, call 1-800-638- 
0672. 

Proprietary Statement.—If the article discusses in any way a 
device, equipment, instrument, or drug, the author(s) must state 
in a footnote whether they do or do not have any commercial or 
proprietary interest in the product. Likewise, they must reveal 
whether they have any financial interest as a consultant, review- 
er, or evaluator. In addition, authors must disclose any financial 
interest owned by a spouse, minor child, blood-relative living in 
the same household, or known to be held by the author’s employer 
or partner. 
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TECA CORPORATION Three Campus Drive, Pleasantville, NY 10570 
(914) 769-5900 e 1-800-GET-TECA e FAX: (914) 769-9045 


TEC A DG32 Redefining the shape of EEG 


In 1924 Hans Berger first 
recorded the electrical activity 
of the brain. EEG was born. 
Instruments were designed and 
developed, but from the mid 
50’s—almost 35 years— 
technology and equipment have 
remained the same ...Until 
now! As a new decade dawns, 
TECA introduces the DG32— 
the next dimension in EEG. 


The DG32 offers a variety 
of improved features and 
revolutionary techniques ... 
optical disc storage 
dramatically reduces storage 
needs and allows easy 
remontaging and reformatting; 
high resolution thermal 
printing eliminates mess and 
the need to recalibrate; 
comprehensive reporting 
capabilities; state of the art 
controls and ergonomic design. 


The TECA DG32 is truly 
a breakthrough for EEG 
technology. Developed and 
manufactured in the USA b 
TECA Corporation—a leader 


in the neurodiagnostic industry, 


providing a full line of 
accessories and supplies, and 
backed by a nationwide net- 
work of service and support. 






S E ATTL F- eee an additional location‘for MIDAS REX Institute 
HANDS-ON WORKSHOPS* 
547 Industry Drive, Tukwila, WA $ 






"Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics" 


WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a series of structured 
exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, and biometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and OTOLARYNGOLOGICAL. 
SURGEONS (Neuro 700)—dissection skills for bonework of the head and spine, including attention to bioplastics 
and biometals as applicable. 

OR PERSONNEL (ORP 700)—dissection skills to become familiar with the applications of power instru- 
mentation; and participation in problem solving, care and proper maintenance of power equipment. 









Neuro 700 —SEPTEMBER 17-18-19 + OCTOBER 8-9-10 « 29-30-31 » DECEMBER 10-11-12 
ORP 700—For OR Personnel only: SEPTEMBER 10-11-12 + DECEMBER 3-4-5 


ENROLLMENT: Fee (US$): “ah vo $965.00; 
Fellow/Resident $585.00 (with letter from Department Head); 
All Operating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to: "Seattle Symposium." 
| Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth TX 76111. 







Phone: 800-433-7639 or 817-831-2604. 


*Enrollment is limited. Please call to reserve 4 
travel plans. All enrollments are made throug 








ace before sending check or arranging 
the Midas Rex office in Fort Worth. 










E Join the more than 8,500 enrollee 
who have completed MIDAS RE 
eres ands-On Workshops. 
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JANUARY 16-17-18,1991 _, 
Ke We st Wednesday, Thursday, Friday 
, “Modern Dissection Techniques of Bone, j Hex p 
SYMPOSIA/HANDS-ON WORKSHOPS for: Biometals, Bioceramics, and Bioplastics” if j ; 







+ ORTHOPAEDIC SURGEONS (Ortho 700) 
e NEUROSURGEONS, PLASTIC, CRANIOFACIAL, 
MAXILLOFACIAL, and OTOLARYNGOLOGICAL 
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SURGEONS (Neuro 700) SEES 
(With Separate Hands-On Workshops) Componsoted byge 

Course Directors: MEMORIAL MEDICAL CENTER, 

Edward F. Downing, M.D. Savannah, Georgia 

William N. Wessinger, M.D. and 

Susan Mitchell, Ed.D. MIDAS REX Institute 

James DeBoer, Ph.D. 

SYMPOSIUM FORMAT 










WORKSHOPS: The MIDAS REX Hands-On Workshops will be 

held each day from 7:30 a.m. to 1:30 p.m. The workshop will | Marriott’s Casa Marina Resort, 1500 Reynolds Street, 
emphasize a series of structured exercises utilizing appropriate Key West, Florida 33040. Phone: 305-296-3535. : 
animal bones, skeletal bones, bioplastics, and biometals. : Fee (US$): Surgeon $965.00; Fellow/Resident 


ENROLLMENT: 
Neuro 700—dissection skills for bonework of the cranium and $585.00 (with letter from Department Head); All Operating Room 
spine, including attention to bioplastics and biometals applicable Personnel (RN/CST/PA/Other) $250.00. 


t ; 
eo ee TS, we 8 Make check to "Key West Symposium." Mail to: Midas Rex 
ssection in small bones, large bones, spines, joint Institute, 2929 Race Street, Fort Worth, TX 76111. Phone: 800- 


Ortho 700—di 
replacement, revision surgery, methylmethacrylate, polyethyl- 
se and biometals, inclu bag bakes n kioko i 433-7639 or 817-831-2604. 














Enrollment is limited. Please call to reserve space before mire 


: 18 Hours CME Cat A check or arranging travel plans. All enrollments are made throug 
CREDIL: AAi Nii the Midas Rex office in Fort Worth. 


Join the more than 8,500 enrollees who have completed Midas Rex® Hands-On Workshops. 
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Calendar 


1990 
Sept 6-8 


14-16 
16-18 


16-20 
23-24 
25-28 
26-29 
27-29 


Oct 3-5 


14 


14 
14-17 


14-17 
14-18 
20-23 


25-27 


25-28 
28-Nov. 2 


30-31 


CALENDAR OF MEETINGS 


‘‘Perilymph Fistula: A Common Cause of Dizziness and Dysequilibrium?’’ Portland, Ore. Contact 
Conference Coordinator, 1015 NW 22nd Ave, Portland, OR 97210-5198. 

“Recent Trends in Electrophysiologic Assessment Intraoperative Applications,” The Towsley Cen- 
ter, Ann Arbor, Mich. Contact Betty Phillips, Program Assistant, Office of Continuing Medical Ed- 
ucation, G- 1100 Towsley Center, Box 0201, University of Michigan Medical School, Ann Arbor, MI 
48109-0201; (313) 763-1400. 

Tenth Annual Conference on Evoked Potentials, Swiss Grand Hotel, Chicago, Ill. Contact Neil A. 
Spielholz, PhD, Program Chairman, New York University Medical Center, 400 E 34th St, New York, 
NY 10016. 

Ninth International Single Fiber and Quantitative Electromyography Course, Mainz, West Germany. 
Contact Professor W. A. Nix, Department of Neurology, University Clinics, Langenbeckstrasse 1, 
6500 Mainz, West Germany. 

‘‘Hyperalimentation: A Practical Approach,” New England Deaconess Hospital, Boston, Mass. 
Contact Harvard Medical School, 641 Huntington Ave, Boston, MA 02115; (617) 432-1525. 
Fifth Toronto Stroke Workshop, King Edward Hotel, Toronto, Canada. Contact Continuing Educa- 
tion, Faculty of Medicine, University of Toronto, Medical Sciences Building, Toronto, Ontario, MSS 
1A8, Canada; (416) 978-2718. 

International Symposium on Advances in Pain Management, The Houstonian Hotel and Conference 
Center, Houston, Tex. Contact Beverly A. Osterloh, Conference Coordinator, Office of Continuing 
Education, The University of Texas Medical School at Houston, 1100 Holcombe Blvd, Suite 
15-1509, Houston, TX 77030; (713) 792-5346. 

“Interventional Neuroradiology: Current Practices and Techniques,” The Johns Hopkins Medical 
institutions, Baltimore, Md. Contact Program Coordinator, Office of Continuing Education, The Johns 
Hopkins Medical Institutions, Turner Building, 720 Rutland Ave, Baltimore, MD 21205; (301) 955- 
2959. 

18th Annual Meeting of the International Society for Pediatric Neurosurgery, Hotel Intercontinental, 
Paris, France. Contact SOCFI, 14 rue Mandar, 75002 Paris, France. 

Annual Meeting of the American Electroencephalographic Society, Westin Galleria Hotel, Houston, 
Tex. Contact American Electroencephalographic Society, PO Box 30, Bloomfield, CT 06002. 
First International Conference on Ultrasound Angiography, University of London (England). Contact 
The Conference Secretariat, PO Box 15, Eastleigh, Hampshire SO5 5XG, England. 

International Symposium on Advances in Neuro-Oncology, San Remo, Italy. Contact Fondazione 
Giovanni Lorenzini, Via Monte Napoleone 23, 20121 Milan, Italy. 

15th Salzburg Conference on Cerebrovascular Disease, Genoa, Italy. Contact Carlo Loeb, Clinica 
Neurologica Universita di Genova, via de Toni 5, Genoa, Italy. 

Braintree Hospital’s 11th Annual Traumatic Head Injury Conference, Hilton Hotel, Dedham, Mass. 
Contact Jeffrey Cutler, Public Relations Department, 250 Pond St, Braintree, Mass 02184; 1-800- 
333-2561. 

Symposium on Etiology, Pathogenesis, and Prevention of Parkinson’s Disease, Atlanta (Ga) Hilton 
Hotel. Contact Dr John B. Penney, University of Michigan, 1103 E Huron St, Ann Arbor, MI 48103. 
Symposium on Hyperkinetic Movement Disorders, Atlanta (Ga) Hilton Hotel. Contact Dr William C. 
Koller, Department of Neurology, University of Kansas, 39th and Rainbow Blvds, Kansas City, KS 
66103. 

115th Annual Meeting of the American Neurological Association, Atlanta (Ga) Hilton. Contact The 
American Neurological Association, 2221 University Ave SE, Suite 350, Minneapolis, MN 55414; 
(612) 378-3290. 

American Neurological Association Annual Meeting, Atlanta, Ga. Contact American Neurological 
Association, 2221 University Ave SE, Suite 350, Minneapolis, MN 55414. 

The Eighth Conference of the South East European Society for Neurology and Psychiatry, Jeru- 
salem, Israel. Contact Conference Secretariat, PO Box 50006, Tel Aviv 61500, Israel. 

First International Meeting on Brain and Immunity, Sorrento, Italy. Contact Jean Gilder Congressi, 
via D Fontana 134/8, I-80128 Naples, Italy. 

Eighth Annual Advanced Neuroradiology Seminar, The Hyatt Regency Grand Cypress Hotel, Tampa, 
Fla. Contact Agnes Bridges, Program Coordinator, Radiological Services, The Tampa General 
Hospital, PO Box 1289, Tampa, FL 33601; (813) 251-7778. 

American Pain Society Annual Scientific Meeting, Adam's Mark Hotel, St Louis, Mo. Contact Amer- 
ican Pain Society, 5700 Old Orchard Rad, First Floor, Skokie, IL 60077-1024. 

Society for Neuroscience Annual Meeting, St Louis, Mo. Contact Society for Neuroscience, 11 Du- 
pont Cir NW, Suite 500, Washington, DC 20036; (202) 462-6688. 

Three-dimensonal Neuroimaging: Theory and Clinical Applications, Baltimore, Md. Contact Program 
Coordinator, The Johns Hopkins Medical Institutions, Office of Continuing Education, Turner Bldg, 
720 Rutland Ave, Baltimore MD 21205; (301) 955-2959. 
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Calendar 


CHI C AGO MIDAS REX Institute “Modern Dissection Techniques Of Bone, 
HANDS-ON WORKSHOPS* Biometals, Bioceramics, and Bioplastics” 
728 West Algonquin Road (Arlington Heights) 


WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a 

pe = structured exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, and 
metals. 

NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and 


OTOLARYNGOLOGICAL SURGEONS (Neuro 700)—dissection skills for bonework of the 
head and spine, including attention to bioplastics and biometals as applicable. 


OR PERSONNEL (ORP 700)—dissection skills to become familiar with the applications of 
power instrumentation; and participation in problem solving, care and proper maintenance of 
power equipment. 


Neuro 700 ORP 700 
SEPTEMBER 13-14-15 + 24-25-26 For OR Personnel only: 


OCTOBER 4-5-6 + 15-16-17 OCTOBER 29-30-31 
NOVEMBER 1-2-3 » 12-13-14 * 26-27-28 
DECEMBER 6-7-8» 17-18-19 


ENROLLMENT: Fee (US$): Surgeon $965.00; 
Fellow/Resident $585.00 (with letter from Department Head); 
All Operating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to: "Chicago Symposium.” 
Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth TX 76111. 
Phone: 800-433-7639 or 817-831-2604. 


_ “Enrollment is limited. Please call to reserve space before sending check or 
arenas _ plans. All enrollments are made through the Midas Rex office 
n orth. 


z if ‘Join the more than 8,500 enrollees who have completed MIDAS REX® Hands-On Workshops. 








LOS ANGELES/ANAHEIM 3 (4) nas eon sops: 


625 West Katella, Unit 22, Orange, California 
“Modern Dissection Techniques of Bone, Blometals, Bloceramics, and Bloplastics” 


WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a series of structured 
exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, and biometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and OTOLARYNGOLOGICAL 
SURGEONS (Neuro 700)—dissection skills for bonework of the head and spine, including attention to 
bioplastics and biometals as applicable. 


OR PERSONNEL (ORP 700)—dissection skills to become familiar with the applications of power _ : 
instrumentation; and participation in problem solving, care and proper maintenance of power equipment. > ER 
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ENROLLMENT: Fee (US$): Surgeon $965.00; : a ee: = 
Fellow/Resident $585.00 (with letter from Department Head); SSS SSS SSS SAS Eos 
All Operating Room Personnel (RN/CST/PA/Other) $250.00. == = SS Se OE 
Make check to: "Los Angeles Symposium.” Mail to: = = = .— = = 
Midas Rex Institute, 2929 Race Street, Fort Worth, TX 76111. 7 = 
Phone: 800-433-7639 or 817-831-2604. E= 
*Enrollment is limited. Please call to reserve space =E r pepe RE: = 
before sending check or arranging travel plans. All L rs e Å 
enrollments are made through the Midas Rex office in iS =y ea — 

Fort Worth. 


Join the more than 8,500 enrollees who have = fi -ig n === 2 
completed MIDAS REX® Hands-On Workshops. = E 
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MIGRAINE 
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ABORTS 


Cafergof 


i 
ergoramine fortrare 


A ky cg CO TE MEJ Tablets/Suopositories 


@ Highly Effective: 


Aborts migraines before they start 
Stops migraines in progress 


Se Reliable and Predictable 
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The choice from the start 





*MSG, a common additive in Chinese cooking, may precipitate 
migraine attacks in susceptible individuals. 


Please see following page for brief summary of prescribing information. 


SANDOZPHARMACEUTICALS CAF-0690-01 


Corporation, E. Hanover, NJ 07936 (201) 503-7500 © 1990 Sandoz Pharmaceuticals Corporation 
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Brief Summary 


lease see package insert for full prescribing information 


CAFERGOT* 


(ergotamine tartrate USP, 1 mg; caffeine USP, 100 mg) 
Tablets 

(ergotamine tartrate USP, 2 mg; caffeine USP. 100 mg) 
Suppositories 


CAFERGOT” P-B 


(ergotamine tartrate USP, 1 mg; caffeine USP, 100 mg; Bellafoline® 
[levorotatory alkaloids of belladonna], 0.125 mg; pentobarbital sodium 
USP, 30 mg [WARNING: May be habit forming]) 

Tablets 

(ergotamine tartrate USP, 2 mg; caffeine USP. 100 mg; Bellafoline® 
[levorotatory alkaloids of belladonna], 0.25 mg; pentobarbital sodium 
USP, 60 mg [WARNING: May be habit forming}) 

Suppositories 


CONTRAINDICATIONS 


| 





reripheral vascular disease ronary heart disease, hypertension, impaired hepatic or renal 
mnchor sepsis ang pregnancy 

Hyper: ensilivity to any of the components 
PRECAUTIONS 

Although signs and symptor l ergotism rarely develop even after long term intermittent use of 
the orally or rectally administered drugs, care should be exercised to remain withir the limits 
recommended josage 

Ergotism is manifested Dy Intense arterial vasoconstriction, producing signs and symptoms of 
peripheral vascular ischemia. Erqgotamine induces vasoconstriction by a direct action on vascular 
smooth muscle. In chronic intoxication with ergot derivatives, headache, intermittent claudication 
musce pains, NUMDNESS, coldness and pallor of the digits may occur. If the condition is allowed t 
progress untreated, gangrene can result 

While most cases of ergotism associated with ergolamine treatment result from frank over- 


oc ~ 


dosage, some cases have involved apparent hypersensitivity. There are few reports of ergotisn 


among patients taxing doses within the recommended limits or for brief periods of time. In rare 
nstances, patients, particularly those who have used the medication indiscriminately over long 
periods of time, may display withdrawal symptoms consisting of rebound headache upon discor 
linuation of the drug 


There have been reports of drug abuse and psychi logical dependence in patients on Cafergot® 


ergotamine tartrate and í aleine) ti erapy Vue to the cnror icity of vascular Neadacnes. itis 
ime erative that patie he a Hy sed not to exceed reci mmended dos ages witt lOr g-term use tc 


avoid ergotism 


ADVERSE REACTIONS 


Vasoconstirictivé complications, at times of a serious nature, may occur. These include pulseless 


ess, weakness, muscle pains and paresthesias of the extremities and pr 
pain. Although these effects occur most commonly with long-term therar 
they have also been reported with short-term or normal doses. Other adverse effects include 

transient tachycardia or bradycardia, nausea, vomiting ad itching. Drowsiness 


NA AN þ à pepa Dc 
may occur with Cafergot® P-B 


DOSAGE AND ADMINISTRATION 


ecordial distress and 


J}, localized edema a 






























Procedure: For the best results, dosage should start at the first sign of an attack 
PRODROMAL PHASE| PAIN PHASE 
2 tablets at start of attack; 1 additional tab 
let every % hour, if needed for full relief 
| Wh. Ahn. | Yeh 2 hr. | 
1 suppository at start of attack; second sup 
pository after 1 hour, if needed for full relief 
BE 1 hr 7- 
RECTALLY 
Early Administration Gives Maximum Effectiveness 
MAXIMUM ADULT DOSAGE 
Orally: Total dose for any one attack should not exceed 6 tablets 
Rectally: Iwo suppositories is the maximum dose for an individual attack 
Total weekly dosage should not exceed 10 tablets or 5 suppositories 
In carefully selected patients, with due consideration of maximum d sage recommendat 


administration of the drug at bedtime may be an appropriate short-term preventive measure 
The toxic effects of an acute overdosage of Cafergot® (ergotamine tartrate and caffeine) are d 

primarily to the ergotamine component. The amount of caffeine mn 

overshadowed by those of ergotamine. Symptoms include vomiting 


Hot 
al tls 1U 


numbness, tingling, pain ani 


w 


cyanosis of the extremities associated with diminished or absent peripheral pulses; hypertensior 
or hypotension; drowsiness, stupor, coma, convulsions and shock. A case has been reported of 


reversible bilateral papillitis with ring scotomata in a patient who received five times the recom- 
mended daily adult dose over a period of 14 days 

Treatment consists of removal of the offending drug by induction of emesis 3 
catharsis. Maintenance of adequate pulmonary ventilation, correction of hypotension, and í 
of convulsions are important considerations. Treatment of peripheral vasospasm should consist 
warmth, but not heat, and protection of the ischemi 


but Caution must be exercised to avoid aggravating an already existent hypotension 


gastric lav 


limhe \Vacndilatnre mau Ka noar Pn ant 
imps. Vasodilators may be used with bene 





y at relatively high doses 
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SANDOZPHARMACEUTICALS 


Corporation, E. Hanover, NJ 07936 (201) 503-7500 


© 1990, Sandoz Pharmaceuticals Corporation 


Three-way relief 
of tension headache 


1. Alleviates headache pain 
2. Reduces anxiety 


3. Relieves muscle tension 


FIORIGETS 


(Each tablet contains: butalbital 50 mg [Warning: May be habit-forming]; acetaminophen 325 mg; and caffeine 40 mg) 


ASPIRIN-FREE TABLETS 


Relieves the entire pain/anxiety/tension syndrome 





For full prescribing information, 
please see following page. 
FCT-0889-01 





Brief Summary 
Please see package insert for full prescribing information. 


FIORICET” 


(butalbital USP, 50 mg [WARNING: May be habit forming]; acetaminophen 
USP, 325 mg; caffeine USP, 40 mg) 
Tablets 


CONTRAINDICATIONS 
Hypersensitivity to acetaminophen, caffeine or barbiturates. Patients with porphyria 


PRECAUTIONS 

General 

Barbiturates should be administered with caution, if at all, to patients who are mentally 
depressed, have suicidal tendencies, or a history of drug abuse. 

Elderly or debilitated patients may react to barbiturates with marked excitement, depression, and 
confusion. In some persons, barbiturates repeatedly produce excitement rather than depression 
information for Patients: Practitioners should give the following information and instructions to 
patients receiving barbiturates: 

A. The use of barbiturates carries with it an associated risk of psychological and/or physical de- 
pendence. The patient should be warned against increasing the dose of the drug without 
consulting a physician 

B. Barbiturates may impair mental and/or physical abilities required for the performance of 
potentially hazardous tasks (e.g., driving, operating machinery, etc.) 

C. Alcohol should not be consumed while taking barbiturates. Concurrent use of the barbiturates 
with other CNS depressants (e.g., alcohol, narcotics, tranquilizers, and antihistamines) may 
result in additional CNS depressant effects 

Drug Interactions: Patients receiving narcotic analgesics, antipsychotics, antianxiety agents, or 

other CNS depressants (including alcohol) concomitantly with Fioricet® may exhibit additive CNS 

depressant effects. 








Drugs Effect 

Butalbital w/coumarin Decreased effect of anticoagulant because of increased metabolism 
anticoagulants resulting from enzyme induction 

Butalbital w/tricyclic Decreased blood levels of the antidepressant. 

antidepressants 


Usage in Pregnancy: Adequate studies have not been performed in animals to determine 
whether this drug affects fertility in males or females, has teratogenic potential or has other adverse 
effects on the fetus. There are no well-controlled studies in pregnant women. Although there is no 
clearly defined risk, one cannot exclude the possibility of infrequent or subtle damage to the 
human fetus. Fioricet® should be used in pregnant women only when clearly needed 

Nursing Mothers: The effects of Fioricet® on infants of nursing mothers are not known. 
Barbiturates are excreted in the breast milk of nursing mothers. The serum levels in infants are be- 
lieved to be insignificant with therapeutic doses. 

Pediatric Use: Safety and effectiveness in children below the age of 12 have not been 
established. 


ADVERSE REACTIONS 
The most frequent adverse reactions are drowsiness and dizziness. Less frequent adverse 
reactions are lightheadedness and gastrointestinal disturbances including nausea, vomiting, and 





flatulence. Mental confusion or depression can occur due to intolerance or overdosage of 
butalbital 


DRUG ABUSE AND DEPENDENCE 

Prolonged use of barbiturates can produce drug dependence, characterized by psychic depen- 
dence and tolerance. The abuse liability of Fioricet® is similar to that of other barbiturate- 
containing drug combinations. Caution should be exercised when prescribing medication for 
patients with a known propensity for taking excessive quantities of drugs, which is not uncommon 
in patients with chronic tension headache 


OVERDOSAGE 
The toxic effects of acute overdosage of Fioricet® are attributable mainly to its barbiturate com- 

ponent, and, to a lesser extent, acetaminophen. Because toxic effects of caffeine occur in very high 

dosages only, the possibility of significant caffeine toxicity from Fioricet® overdosage is unlikely 

Barbiturate 

Signs and Symptoms: Drowsiness, confusion, coma; respiratory depression; hypotension; shock. 

Treatment 

1. Maintenance of an adequate airway, with assisted respiration and oxygen administration as 
necessary. 

2. Monitoring of vital signs and fluid balance 

3. If the patient is conscious and has not lost the gag reflex, emesis may be induced with ipecac. 
Care should be taken to prevent pulmonary aspiration of vomitus. After completion of vomiting, 
30 grams activated charcoal in a glass of water may be administered. 

4. If emesis is contraindicated, gastric lavage may be performed with a cuffed endotracheal tube in 
place with the patient in the facedown position. Activated charcoal may be left in the emptied 
stomach and a saline cathartic administered. 

5. Fluid therapy and other standard treatment of shock, if needed. 

6. If renal function is normal, forced diuresis may aid in the elimination of the barbiturate 
Alkalinization of the urine increases renal excretion of some barbiturates, especially 
phenobarbital. 

7. Although not recommended as a routine procedure, hemodialysis may be used in severe barbi- 
turate intoxication or if the patient is anuric or in shock. 

Acetaminophen 

Signs and Symptoms 
In acute acetaminophen overdosage, dose-dependent, potentially fatal hepatic necrosis is the 

most serious adverse effect. Renal tubular necrosis, hypoglycemic coma, and thrombocytopenia 

may also occur 

In adults, hepatic toxicity has rarely been reported with acute overdoses of less than 10 grams 
and fatalities with less than 15 grams. Importantly, young children seem to be more resistant than 
adults to the hepatotoxic effect of an acetaminophen overdose 

Early symptoms following a potentially hepatotoxic overdosage may include: nausea, 
vomiting, diaphoresis, and general malaise. Clinical and laboratory evidence of hepatic toxicity 
may not be apparent until 48-72 hours post-ingestion. 

Treatment 
The stomach should be emptied promptly by lavage or by induction of emesis with syrup of ipe- 

cac. Patients’ estimates of the quantity of a drug ingested are notoriously unreliable. Therefore, if 

an acetaminophen overdose is suspected, a serum acetaminophen assay should be obtained as 
early as possible, but no sooner than four hours following ingestion. Liver function studies should 
be obtained initially and repeated at 24-hour intervals. 

The antidote, N-acetylcysteine, should be administered as early as possible, preferably within 16 
hours of the overdose ingestion for optimal results, but in any case, within 24 hours. Following re- 
covery, there are no residual, structural or functional hepatic abnormalities. 


{AUGUST 1, 1989 FCT-210) 
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SEPTEMBER 13-14-15 + 24-25-26 
OCTOBER 4-5-6 + 22-23-24 

NOVEMBER 1-2-3 + 12-13-14 + 29-30-Dec. 1 
DECEMBER 10-11-12 


WORKSHOPS: The workshops are held each day from 
7:00 a.m. to 1:00 p.m. They emphasize a series of 
structured exercises, utilizing ya aie hg animal bones, 
skeletal bones, bioplastics, and biometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, 
MAXILLOFACIAL, and OTOLARYNGOLOGICAL 
SURGEONS (Neuro 700 ssection skills for bonework 
of the head and spine, including attention to bioplastics and 
biometals as applicable. 


OR PERSONNEL (ORP 700)—For OR Personnel only— 
dissection skills to become familiar with the applications of 

er instrumentation; and participation in problem 
solving, care and proper maintenance of power equipment. 


NEW YORK CITY 


Home Office: 2929 Race Street 


Join the more than 8,500 enrollees who have completed MIDAS REX® Hands-On Workshops. 






MIDAS REX Institute 
HANDS-ON WORKSHOPS* 


“Modern Dissection Techniques of Bone, 
Blometals, Bloceramics, and Bloplastics” 





For OR Personnel only: 
NOVEMBER 5-6-7 






ENROLLMENT: Fee Majedi Surgeon $965.00; 
Fellow/Resident .00 (with letter from rtment Head); 
All Operating Room Personnel $250.00. (RN/CST/PA/Other) 


Make check to: "Dallas/Fort Worth Symposium." 
Mail to: Midas Rex Institute 

2929 Race Street, 

Fort Worth, TX 76111. 
Phone: 800-433-7639 or 817-831-2604. 


“Enrollment is limited. Please call to reserve space before 
sending check or arranging travel plans. All enrollments are 
made through the Midas Rex office in Fort Worth. 





MIDAS REX Institute 
HANDS-ON WORKSHOPS* 


115 E. 61st Street (between Park and Lexington) 


“Modern Dissection Techniques of Bone, Blometals, Bloceramics, and Bloplastics” 


Neuro 700 

SEPTEMBER 5-6-7 + 17-18-19 • 27-28-29 
OCTOBER 8-9-10 » 25-26-27 

NOVEMBER 5-6-7 *15-16-17 * 29-30-Dec. 1 
DECEMBER 6-7-8 « 17-18-19 


WORKSHOPS: The workshops are held each day 
from 7:00 a.m. to 1:00 p.m. They emphasize a series 
of structured exercises, srs Hag bsp animal 
bones, skeletal bones, bioplastics, and biometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, 2 
MAXILLOFACIAL, and OTOLARYNGOLOGICAL 2 
SURGEONS (Neuro 700)—dissection skills for Z 
bonework of the head and spine, including attention 2 
to bloplastics and biometals as applicable. 


OR PERSONNEL (ORP 700)— 
For Operating Room Personnel only— 


dissection skills to become 
familiar with the 
applications of power 
instrumentation; and 
participation in problem 
solving, care and proper 
maintenance of power 
equipment. 


ORP 700 
OCTOBER 11-12-13 


ENROLLMENT: Fee (US$): 

Surgeon $965.00; 

Fellow/Resident $585.00 
(with letter from rtment Head); 

All Operating Room Personnel $250.00 
(RN/CST/PA/Other) 


Make check to: "New York City Symposium.” 
Mail to: Midas Rex Institute, 

2929 Race Street, 

Fort Worth, TX 76111. 
Phone: 800-433-7639 or 817-831-2604. 
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*Enrollment is limited. Please call to reserve 

space before sending check or arranging travel 

‘eben All enrollments are made through the 
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Permax’ 


pergolide mesylate 
Brief Summary. Consult the package literature for complete information. 


Indications and Usage: Permax is indicated as adjunctive treatment to 
levodopa/carbidopa in the management of the signs and symptoms of Parkin- 
son's disease. 

Evidence to support the efficacy of pergolide mesylate as an antiparkinso- 
nian adjunct was obtained in a multicenter study enrolling 376 patients with 
mild to moderate Parkinson's disease who were intolerant to levodopa/ 
Carbidopa as manifested by moderate to severe dyskinesia and/or on-off phe- 
nomena. On average, the sample of patients evaluated had been on levodopa/ 
carbidopa for 3.9 years (range, two days to 16.8 years). The administration of 

ergolide mesylate permitted a 5% to 30% reduction in the daily dose of 
evodopa. On average, these patients treated with pergolide mesylate main- 
tained an equivalent or better clinical status than they exhibited at baseline 


Contraindications: Pergolide mesylate is contraindicated in patients who are 
hypersensitive to this drug or other ergot derivatives. 


Warnings: Symptomatic Hypotension —In clinical trials, approximately 10% 
of patients taking pergolide mesylate with levodopa vs 7% taking placebo with 
levodopa experienced symptomatic orthostatic and/or sustained hypotension, 
especially during initial treatment. With gradual dosage titration, tolerance to 
the hypotension usually develops. It is, therefore, important to warn patients of 
the risk, to begin therapy with low doses, and to increase the dosage in care- 
fully adjusted increments over a period of three to four weeks. 

Hallucinosis —\n controlled trials, pergolide mesylate with levodopa caused 
hallucinosis in about 14% of patients as opposed to 3% taking placebo with 
levodopa. This was of sufficient severity to cause discontinuation of treatment 
in about 3% of those enrolled: tolerance to this untoward effect was not 
observed 

Fatalities —In the placebo-controlled trial, two of 187 patients treated with 
placebo died as compared with one of 189 patients treated with pergolide 
mesylate. Of the 2,299 patients treated with pergolide mesylate in premarketing 
Studies evaluated as of October 1988, 143 died while on the drug or shortly 
after discontinuing the drug. The patient population under evaluation was 
elderly, ill, and at high risk for death. It seems unlikely that fal ogee mesylate 
played any role in these deaths, but the possibility that pergolide shortens sur- 
vival of patients cannot be excluded with absolute certainty. 

In particular, a case-by-case review of the clinical course of the patients who 
died failed to disclose any unique set of signs, symptoms, or laboratory results 
that would suggest that treatment with pergolide caused their deaths. Sixty- 
eight percent (68%) of the patients who died were 65 years of age or over. No 
death (other than a suicide) occurred within the first month of treatment; most 
of the patients who died had been on pergolide for years. A relative — of 
the causes of death by organ system are: pulmonary failure/pneumonia, 35% 
cardiovascular, 30%; cancer, 11%, unknown, 8.4%; infection, 3.5%; extrapyra- 
midal syndrome, 3.5%, stroke, 2.1%; dysphagia, 2.1%, injury, 1.4%; suicide, 
1.4%; dehydration, 0.7%; glomerulonephritis, 0.7% 


Precautions: Genera/ —Caution should be exercised when administering 
pergolide mesylate to patients prone to cardiac dysrhythmias. 

In a study comparing pergolide mesylate and placebo, patients taking 
pergolide mesylate were found to have significantly more episodes of atrial 
premature contractions (APCs) and sinus tachycardia. 

The use of pergolide mesylate in patients on levodopa may cause and/or 
exacerbate preexisting states of confusion and hallucinations (see Warnings) 
Also, the abrupt discontinuation of pergolide mesylate in patients receiving it 
chronically as an adjunct to levodopa may precipitate the onset of hallucina- 
tions and contusion; these may occur within a span of several days. Discontin- 
uation of pergolide should be undertaken gradually whenever possible, even if 
the patient is to remain on levodopa. 

The administration of pergolide mesylate to patients receiving levodopa may 
cause and/or exacerbate preexisting dyskinesia. 

Information for Patients —Patients and their families should be informed of 
the common adverse consequences of the use of pergolide mesylate (see 
Adverse Reactions) and the risk of hypotension (see Warnings) 

Patients should be advised to notify their physician if they become pregnant 
or intend to become pregnant during therapy 

Patients should be advised to notify their physician if they are breast feeding 
an infant 

Laboratory Tests —No specific laboratory tests are deemed essential for the 
management of patients on Permax. Periodic routine evaluation of all patients, 
however, iS appropriate 

Drug Interactions —Dopamine antagonists, such as the neuroleptics (phe- 
nothiazines, butyrophenones, thioxanthines) or metoclopramide. ordinarily 
should not be administered concurrently with Permax (a dopamine 
agonist); these agents may diminish the effectiveness of Permax. 

Because pergolide mesylate is approximately 90% associated with plasma 
proteins, caution should be exercised if pergolide mesylate is coadministered 
with other drugs known to affect protein binding 

Carcinogenesis, Mutagenesis, and Impairment of Fertility —A two-year 
carcinogenicity study was conducted in mice usin ret | levels of pergolide 
mesylate equivalent to oral doses of 0.6, 3.7, and 36.4 mg/kg/day in males and 
0.6, 4.4, and 40.8 mg/kg/day in females. A two-year study in rats was con- 
ducted using dietary levels equivalent to oral doses of 0.04, 0.18, and 0.88 
mg/kg/day in males and 0.05, 0.28, and 1.42 mg/kg/day in females. The 
highest doses tested in the mice and rats were approximately 340 and 12 times 
the maximum human oral dose administered in controlled clinical trials (6 mg/ 
day equivalent to 0.12 mg/kg/day) 

A low incidence of uterine neoplasms occurred in both rats and mice 
Endometrial adenomas and carcinomas were observed in rats. Endometrial 
sarcomas were observed in mice. The occurrence of these neoplasms is prob- 
ably attributable to the high estrogen/progesterone ratio which would occur in 
rodents as a result of the prolactin-inhibiting action of pergolide mesylate. The 
endocrine mechanisms believed to be involved in the rodents are not present in 
humans. However, even though there is no known correlation between uterine 
malignancies occurring in pergolide-treated rodents and human risk, there are 
no human data to substantiate this conclusion 

Pergolide mesylate was evaluated for mutagenic potential in a battery of 
tests that included an Ames bacterial mutation assay, a DNA repair assay in 
cultured rat hepatocytes, a point-mutation assay in cultured L5178Y cells, and 
a determination of chromosome alteration in bone marrow cells of Chinese 
hamsters. A weak mutagenic response was noted in the in vitro mammalian 
cell-point-mutation assay using L5178Y cells only after metabolic activation 
with rat liver microsomes. No mutagenic effects were obtained in the two other 
in vitro assays and in the in vivo assay. The relevance of these findings to 
humans is unknown. 

A fertility study in male and female mice showed that fertility was maintained 
at 0.6 and 1.7 mg/kg/day but decreased at 5.6 mg/kg/day. Prolactin has been 
reported to be involved in stimulating and maintaining progesterone levels 
required for implantation in mice and, therefore, the impaired fertility at high 
dose may occur because of depressed prolactin levels. 

Usage in Pregnancy—Pregnancy Category B —Reproduction studies were 
conducted in mice at doses of 5, 16, and 45 mg/kg/day and in rabbits at doses 
of 2, 6, and 16 mg/kg/day. The highest doses tested in mice and rabbits were 
375 and 133 times the 6 mg/day maximum human dose administered in con- 
trolled clinical trials. Inthese studies, there was no evidence of harmto the fetus 
due to pergolide mesylate. 

There are, however, no adequate and well-controlled studies in pregnant 
women. Among women who received pergolide mesylate for endocrine disor- 
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ders in premarketing studies, there were 33 pregnancies that resulted in healthy 
babies and four pregnancies that resulted in congenital abnormalities (two 
major, two minor); a causal relationship has not been established. Because 
human data are limited and because animal reproduction studies are not 
always predictive of human response, this drug should be used during preg- 
nancy only if clearly needed. 

Nursing Mothers —It is not known whether this drug is excreted in human 
milk. The pharmacologic action of pergolide mesylate suggests that it may 
interfere with lactation. Because many drugs are excreted in human milk and 
because of the potential for serious adverse reactions to pergolide mesylate in 
nursing infants, a decision should be made whether to discontinue nursing or to 
es the drug, taking into account the importance of the drug to the 
mother. 

í oii Use —Safety and effectiveness in children have not been estab- 
ishe 


Adverse Reactions: Commonly Observed —in premarketing clinical trials, the 
most commonly observed adverse events associated with use of pergolide 
mesylate which were not seen at an equivalent incidence among placebo- 
treated patients were: nervous system complaints, including dyskinesia, hallu- 
cinations, somnolence, insomnia; digestive complaints, including nausea, 
constipation, diarrhea, dyspepsia; and respiratory system complaints, includ- 
ing rhinitis. 

Associated With Discontinuation of Treatment —Twenty-seven percent 
(27%) of approximately 1,200 patients receiving pergolide mesylate for treat- 
mentof Parkinson's disease in premarketing clinical trials inthe US and Canada 
discontinued treatment due to adverse events. The events most commonly 
Causing discontinuation were related to the nervous system (15.5%), primarily 
hallucinations (7.8%) and confusion (1.8%). 

Fatalities—See Warnings. 

Incidence in Controlled Clinical Trials —The table that follows enumerates 
adverse events that occurred at a frequency of 1% or more among patients 
taking pergolide mesylate who participated in the premarketing controlled clin- 
iCal trials comparing let cog mesylate with placebo. In a double-blind, con- 
trolled study of six months’ duration, patients with Parkinson's disease were 
continued on levodopa/carbidopa and were randomly assigned to re- 
ceive either pergolide mesylate or placebo as additional therapy. 


The prescriber should be aware that these figures cannot be used to predict 
the incidence of side effects in the course of usual medical practice where 
patient characteristics and other factors differ from those which prevailed 
in the clinical trials. Similarly, the cited frequencies cannot be compared with 
figures obtained from other clinical investigations involving different treat- 
ments, uses, and investigators. The cited figures, however, do provide the pre- 
scribing physician with some basis for estimating the relative contribution of 
— and nondrug factors to the side-effect incidence rate in the population 
studied 


Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlled Clinical Trial 
Percentage of Patients Reporting Events 


— 


Extrapyramidal syndrome 
Incoordination 
Paresthesia 

Akinesia 

Hypertonia 

Neuralgia 

Speech disorder 


A 


— M 
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Body System/ Pergolide Mesylate Placebo 
Adverse Event* N=189 N=187 
Body as a Whole 
Pain 7.0 2.1 
Abdominal pain 5.8 2.1 
Injury, accident 5.8 7.0 
Headache 5.3 6.4 
Asthenia 4.2 48 
Chest pain 3.7 2.1 
Flu syndrome 3.2 2.1 
Neck pain et 1.6 
Back pain 1.6 2.1 
Surgical procedure 1.6 <1 
Chills 11 0 
Face edema 11 0 
Infection Act 0 
Cardiovascular 
Postural hypotension 9.0 7.0 
Vasodilatation 3.2 <1 
Palpitation 2.1 <1 
Hypotension 21 <1 
Syncope 2.1 11 
Hypertension 16 11 
Arrhythmia 11 <] 
Myocardial infarction 11 <1 
Digestive 
Nausea 24.3 12.8 
Constipation 10.6 5.9 
Diarrhea 6.4 27 
Dyspepsia 6.4 2.1 
Anorexia 48 27 
Dry mouth 3.7 <1 
Vomiting 2:7 16 
Hemic and Lymphatic 
Anemia Ai <1 
Metabolic and Nutritional 
Peripheral edema 7.4 43 
Edema 1.6 0 
Weight gain 1.6 0 
Musculoskeletal 
Arthralgia 1.6 2.1 
Bursitis 1.6 <1 
Myalgia 1.1 <1 
Twitching 1.1 0 
Nervous System 
Dyskinesia 62.4 24.6 
Dizziness 19.1 13.9 
Hallucinations 13.8 3.2 
Dystonia 11.6 8.0 
Confusion VT 96 
Somnolence 10.1 3.7 
Insomnia 7.9 3.2 
Anxiety 6.4 43 
Tremor 42 1.5 
Depression ae 5.4 
Abnormal dreams ZT 43 
Personality disorder 2.1 <1 
Psychosis 2.1 0 
Abnormal gait 1.6 1.6 
Akathisia 1.6 0 
1.6 1, 
1.6 1 
1.6 3. 
1.1 1 
1.1 0 
11 1 
124 1 
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Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlled Clinical Trial 
Percentage of Patients Reporting Events 


Body System/ Pergolide Mesylate Placebo 
Adverse Event* N=189 N=187 


Respiratory System 
Rhinitis 12.2 
Dyspnea 48 
Epistaxis 16 
Hiccup 11 


Skin and Appendages 
Rash 3 
Sweating 2. 

Special Senses 
Abnormal vision 5 
Diplopia 2 
Taste perversion 1 
Eye disorder 1 


Urogenital System 
Urinary frequency 27 
Urinary tract infection 27 
Hematuria 11 < 


‘eae reported by at least 1% of patients receiving pergolide mesylate are 
included. 


64 
37 
1 


Events Observed During the Premarketing Evaluation of Permax —This sec- 
tion reports event frequencies evaluated as of October 1988 for adverse events 
ocurring in a group of approximately 1,800 patients who took multiple doses of 
pergolide mesylate. The conditions and duration of exposure to pergolide 
mesylate varied pony, involving well-controlled studies as well as experience 
in open and uncontrolled clinical settings. In the absence of appropriate con- 
trols in some of the studies, a causal relationship between these events and 
treatment with pergolide mesylate cannot be determined. 

The following enumeration by organ system describes events in terms ol 
their relative frequency of reporting in the data base. Events of major clinica! 
a are also described in the Warnings and Precautions sections 

he following definitions of ery are used: frequent adverse events are 
defined as those occurring in atleast 1/100 patients; infrequent adverse events 
are those occurring in 1/100 to 1/1,000 patients: rare events are those occur- 
ring in fewer than 1/1,000 patients. d 
dy as a Whole — Frequent: headache, asthenia, accidental injury, abdom- 
inal pain, chest pain, back pain, flu syndrome, neck pain, fever; /nfrequent. 
facial edema, chills, enlarged abdomen, malaise, neoplasm, hernia, pelvic 
pain, sepsis, cellulitis, moniliasis, abscess. jaw pain, hypothermia; Rare: acute 
abdominal syndrome, LE syndrome 

Cardiovascular System — Frequent: postural hypotension, syncope, hyper- 
tension, palpitations, vasodilatations, congestive heart failure; /nfrequent 
myocardial infarction, tachycardia, heart arrest, abnormal electrocardiogram, 
angina pectoris, thrombophlebitis, bradycardia, ventricular extrasystoles, 
cerebrovascular accident, ventricular tachycardia, cerebral ischemia, atrial 
fibrillation, varicose vein, pulmonary embolus, AV block, shock; 
Rare. vasculitis, pulmonary hypertension, pericarditis, migraine, heart block, 
cerebral hemorrhage 

Digestive System —Frequent: nausea, vomiting, dyspepsia, diarrhea, con- 
Stipation, dry mouth, dysphagia; /nfrequent: flatulence, abnormal liver function 
tests, increased appetite, salivary gland enlargement, thirst, gastroenteritis, 
gastritis, periodontal abscess, intestinal obstruction, nausea and vomiting, 
gingivitis, esophagitis, cholelithiasis, tooth caries, hepatitis, stomach ulcer, 
melena, hepatomegaly, hematemesis, eructation; Rare: sialadenitis. peptic 
ulcer, pancreatitis, jaundice, glossitis, fecal incontinence, duodenitis, colitis, 
cholecystitis, aphthous stomatitis, esophageal ulcer 

Endocrine System —/nfrequent: hypothyroidism, adenoma, diabetes melli- 
tus, ADH inappropriate; Rare: endocrine disorder, thyroid adenoma 

Hemic and Lymphatic System — frequent: anemia; Infrequent: leukopenia 
lymphadenopathy, leukocytosis, thrombocytopenia, petechia, megaloblastic 
anemia, cyanosis; Rare: purpura, lymphocytosis, eosinophilia, thrombo- 
cythemia, acute lymphoblastic leukemia, | a harap splenomegaly 

Metabolic and Nutritional System — frequent: peripheral edema, weigh! 
loss, weight gain; Infrequent: dehydration, hypokalemia, hypoglycemia, iro¥ 
deficiency anemia, hyperglycemia, gout, hypercholesteremia; Rare: elec- 
trolyte imbalance, cachexia, acidosis, hyperuricemia 

Musculoskeletal System — Frequent: twitching, myalgia, arthralgia. Intre- 
quent: bone pain, tenosynovitis, myositis, bone sarcoma, arthritis, Rare 
osteoporosis, muscle atrophy, osteomyelitis 

Nervous System —Frequent: dyskinesia, dizziness, hallucinations, confu- 
sion, somnolence, insomnia, dystonia, paresthesia, depression, anxiety, 
tremor, akinesia, extrapyramidal syndrome, abnormal gait, abnormal dreams, 
incoordination, psychosis, personality disorder, nervousness, choreoatheto- 
sis, amnesia, paranoid reaction, abnormal thinking; /nfrequent: akathisia, neu- 
ropathy, neuralgia, hypertonia, delusion, convulsion, libido increased, 
euphoria, emotional lability, libido decreased, vertigo, myoclonus, coma, apa- 
thy, paralysis, neurosis, hyperkinesia, ataxia, acute brain syndrome, torticollis, 
meningitis, manic reaction, hypokinesia, hostility, agitation, hypotonia; Rare. 
stupor, neuritis, intracranial hypertension, hemiplegia, facial paralysis, brain 
edema, myelitis, hallucinations and confusion after abrupt discontinuation 

Respiratory System — Frequent: rhinitis, dyspnea, pneumonia, pharyngitis, 
cough increased: /nfrequent: epistaxis, hiccup, sinusitis, bronchitis, voice 
alteration, hemoptysis, asthma, lung edema, pleural effusion, laryngitis, 
emphysema, apnea, hyperventilation, Rare: pneumothorax, lung fibrosis 
larynx edema, hypoxia, hypoventilation, hemothorax, carcinoma of lung 

Skin and Appendages System — frequent: sweating, rash; Infrequent: skir 
discoloration, pruritus, acne, skin ulcer, alopecia, dry skin, skin carcinoma 
seborrhea, hirsutism, herpes simplex, eczema, fungal dermatitis, herpes 
zoster; Rare: vesiculobullous rash, subcutaneous nodule, skin nodule, skir 
benign neoplasm, lichenoid dermatitis 

Special Senses System —Frequent: diplopia; Infrequent: otitis media, con- 
junctivitis, tinnitus, deafness, taste perversion, ear pen, eye pain, glaucoma 
eye hemorrhage, photophobia, visual field defect, Rare: blindness, cataract 
retinal detachment, retinal vascular disorder 

Urogenital System —Frequent: urinary tract infection, urinary frequency 
urinary incontinence, hematuria, dysmenorrhea; /nfrequent: dysuria. breas 
pain, menorrhagia, impotence, cystitis, urinary retention, abortion, vagina 
hemorrhage, vaginitis, priapism, kidney calculus, fibrocystic breast, lactation 
uterine hemorrhage, urolithiasis, salpingitis, pyuria, metrorrhagia, Menopause 
kidney failure, breast carcinoma, cervical carcinoma; Rare: amenorrhea, blad- 
der carcinoma, breast engorgement, epididymitis, hypogonadism, leukorrhea 
nephrosis, pyelonephritis, urethral pain, uricaciduria, withdrawal bleeding 
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Letters to the Editor 


Letters to the editor should be submitted as an original and two duplicates. They should be 
typewritten double-spaced on plain bond paper; they will be subject to editing. If they are 
prepared on a word processor, do not justify the right margin. A copyright transmittal letter 
signed by all authors must accompany this (see “Instructions for Authors”). 


A Commentary on Correlates 
Between Cerebrospinal Fluid 
y-Globulins and Magnetic 
Resonance Imaging in Multiple 
Sclerosis 


To the Editor.—The results of Müller 
et al! in the April 1989 issue of the AR- 
CHIVES, showing a significant correla- 
tion between cerebrospinal fluid y- 
globulin (IgG) concentration and a 
nonparametric estimate of magnetic 
resonance imaging as well as slowed 
visual-evoked potentials, are in gen- 
eral agreement with our data despite 
significant differences in the methods 
employed.** However, their conclusion 
that cerebrospinal fluid IgG primarily 
originates from periventricular le- 
sions implies a less statistically signif- 
icant correlation between the cere- 
brospinal fluid IgG concentration and 
their global magnetic resonance imag- 
ing score (not shown by their data), 
since inclusion of nonperiventricular 
plaque area should dilute the periven- 
tricular relationship. Second, their 
method for quantifying IgG in the 
cerebrospinal fluid and serum is not 
specific for IgG, but includes other 
proteins and is no longer used by 
advanced cerebrospinal fluid laborato- 
ries. Our laboratory measures IgG 
directly,’ utilizing monoclonal or af- 
finity purified antibody to IgG heavy 
chains and electroimmunodiffusion or 
nepholometry, fulfilling the American 
College of Pathologists Registry certi- 
fication standards. Third, a quantita- 
tive method for measuring the mag- 
netic resonance imaged lesion area, as 
employed by us and others,”**’ was not 
utilized. 

Unlike Miiller et al, in our series of 
60 patients‘ the correlation of total ce- 
rebral magnetic resonance imaged 
plaque area was equally as significant 
with cerebrospinal fluid IgG concen- 
tration as with intra-blood-brain bar- 
rier IgG synthesis rate, measured by 
our formula or the Reiber and Felgen- 
hauer formula. Also, the correlation 
with each of the cerebrospinal fluid 
IgG measures was the same for the 
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periventricular magnetic resonance 
imaged plaque area as for the total ce- 
rebral lesion area (Table). Consistent 
with Miiller et al was a significant cor- 
relation between the cerebral mag- 
netic resonance imaged plaque area 
and abnormalities of visual-evoked po- 
tentials. No significant correlations 
were found with brain-stem or cere- 
bellar plaque area. Miiller et al did not 
attempt a magnetic resonance imaged 
regional analysis of the plaque area. 
A logarithmic transformation of our 
cerebrospinal fluid IgG data as Miiller 
et al did (Table) produced a greater 
statistically significant correlation 
with both total and periventricular ce- 
rebral magnetic resonance imaged 
plaque area, partially the result of 
elimination of zero and negative val- 
ues. An additional logarithmic trans- 
formation of the magnetic resonance 
imaged plaque area measures reduced 
the correlation of intra-blood-brain 
barrier IgG synthesis rate with 
periventricular plaque area, but not 
with total axial cerebral plaque area. 
The logged correlation between the 


magnetic resonance imaging measures 
and the log of cerebrospinal fluid IgG 
concentration was also lower. These 
results differ from those of Miiller et 
al, due in part to different methods. 
Logarithmic transformation of Miiller 
and coworkers’ magnetic resonance 
imaging data is not possible. If their 
magnetic resonance imaging data 
were parametrically quantified, it 
would be of interest to see how closely 
their data correspond with ours. 

In multiple sclerosis correlations be- 
tween cerebrospinal fluid IgG or intra- 
blood-brain barrier IgG synthesis rate 
and clinical or other laboratory pa- 
rameters (except for cerebrospinal 
fluid pleocytosis) have not been found 
in the past, which makes the now 
twice-reported relationship with mag- 
netic resonance imaging involvement 
all the more interesting and signifi- 
cant. It may be that the intra-blood- 
brain barrier IgG synthesis rate could 
be used as a barometer of active cere- 
bral plaque demyelination in multiple 
sclerosis. 

Only plasma cells secrete IgG, the 


Correlations With Quantified Magnetic Resonance Imaging (MRI) Lesion Area in Our 60 
Patients With Chronic Progressive Multiple Sclerosis With and Without Log 
Transformation 


Axial Cerebral 
MRI Lesion 
Area (Total) 


.39, P= .002 


Cerebrospinal fluid 
IgG concentration * 
Log cerebrospinal fluid 


.38, P< .003 
IgG concentration * 
Intra-blood-brain barrier 
IgG synthesis rate 

(Tourtellotte) * 

Log intra-blood-brain .46, P 
barrier IgG synthesis N = 
rate (Tourtellotte) * 

Relber / Felgenhauer 
formula * 

Tibbling /Link index * NSt 

Abnormal visual-evoked .56, P< .001 
potentialt 


.38, P< .003 


.0003 


.38, P < .003 


* Pearson Product Moment Correlation Coefficient. 


Axial Cerebral 
MRI Lesion Area 
(Periventricular) Area 


.40, P< .002 
.39, P< .002 
.39, P< .003 


= .44, P= .0005, 
58 N = 58 


Log Total Axial 
Cerebral 
MRI Lesion 


Log Axial 
Cerebral MRI 
Lesion Area 

(Periventricular) 
.29, P= .03, 
N = 56 
.28, P< .04, 

N = 56 
.29, P< .03, 

N = 56 


.30, P< .03, 
N = 58 
26, P = .06, 
N = 58 
.33, P< .02, 
N = 58 


.47, P= .0003 
N = 56 


.36, P< .008, 
N = 54 


.38, P < .003 


NS 
57, P< .001 





tNS indicates nonsignificant; significance defined as P < .05. 
+Spearman Test of correlation for nonparametric data. 
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majority of which are located at the 
active plaque edge, a small portion of 
the total plaque.* Hence, a more robust 
positive correlation would be expected 
between intra-blood-brain barrier 
IgG synthesis rate and that portion of 
the active plaque area that contains 
plasma cells. This region may have a 
leaky blood-brain barrier, as indicated 
by gadolinium enhancement on mag- 
netic resonance imaging. Measure- 
ment of gadolinium enhanced areas in 
cubic millimeters could bring the best 
correlation with the fountainhead of 
plasma cells and their IgG secretion as 
quantified by the intra-blood-brain 
barrier IgG synthesis rate. 

The suggestion by Miiller et al that 
cerebrospinal fluid IgG concentration 
is a measure of inflammation in multi- 
ple sclerosis has been made by others.’ 
We are not of this opinion, because in- 
creased transudation of IgG across a 
leaky blood-brain barrier and/or hy- 
pergammaglobulinemia is not cor- 
rected for as it is in the formulas of 
Reiber/Felgenhauer and Tourtellotte. 
Our data support this position. 

As Miiller et al indicate, new evi- 
dence has accumulated in animal mod- 
els that specific IgG antibodies to my- 
elin or its constituents may be neces- 
sary, but not sufficient, to promote 
demyelination. To this date, there is no 
evidence to support this proposal in 
multiple sclerosis. Nevertheless, the 
goal of our laboratory is to find the 
specificity of multiple sclerosis intra- 
blood-brain barrier IgG synthesis 
(rate and unique cerebrospinal fluid 
oligoclonal IgG bands) that occurs in 
almost all patients with chronic pro- 
gressive multiple sclerosis.’ Elvin Ka- 
bat has said: “Elevated IgG in MS CSF 
was not put there by God to help neu- 
rologist{[s] make the diagnosis.” And 
John Prineas, commenting recently on 
the reason for the presence of IgG 
producing cells in multiple sclerosis 
central nervous system lesions said 


“The plasma cell knows.” 
ROBERT W. BAUMHEFNER, MD 
KARL SYNDULKO, PHD 
WALLACE W. TOURTELLOTTE, MD, PHD 
Neurology and Research Services 
Veterans Administration Medical Center 

Wadsworth 

Los Angeles, CA 90073 


1. Müller FAJ, Hanny PE, Wichmann W, Fierz 
W, Dursteler MR. Cerebrospinal fluid immuno- 
globulins and multiple sclerosis: correspondence 
with magnetic resonance imaging and visually 
evoked potential changes. Arch Neurol. 1989; 
46:367-371. 

2. Baumhefner RW, Tourtellotte WW, Syn- 
dulko K, et al. Multiple sclerosis (MS): correlation 
of periventricular MRI-quantified lesion area 
with blood-brain-barrier (BBB) leakage, CSF IgG 
concentration, and intra-BBB IgG synthesis rate. 
Neurology 1989;39:417. 

3. Baumhefner RW, Tourtellotte WW, Syn- 
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dulko K, et al. Correlation of quantified magnetic 
resonance imaged plaque area with clinical dis- 
ability, instrumented neurologic function mea- 
surement (QENF), evoked potentials, and intra- 
BBB IgG synthesis. Neurology. 1987;37:231. 

4. Baumhefner RW, Tourtellotte WW, Syn- 
dulko K, et al. Size of multiple sclerosis (MS) 
plaque volume in cerebrum correlated directly 
with intra-BBB IgG synthesis rate in vivo. J Neu- 
roimmunol. 1988;17:253-254. 

5. Tourtellotte WW, Baumhefner RW, Syn- 
dulko K, et al. The long march of the cerebrospi- 
nal fluid profile indicative of clinical definite mul- 
tiple sclerosis; and still marching. J Newroimmu- 
nol. 1988;20:21 7-227. 

6. Baumhefner RW, Tourtellotte WW, Syn- 
dulko K, et al. Quantitative multiple sclerosis 
plaque assessment with magnetic resonance im- 
aging and its correlation with clinical parame- 
ters, evoked potentials, and intra-blood brain 
barrier IgG synthesis. Arch Neurol. 1990;47:19-26. 

7. Koopmans RA, Li DKB, Oger JJF, et al. 
Chronic progressive multiple sclerosis: serial 
magnetic resonance brain imaging over 6 months. 
Ann Neurol. 1989;26:248-256. 

8. Prineas JW, Wright RG. Macrophages, lym- 
phocytes, and plasma cells in the perivascular 
compartment in chronic multiple sclerosis. Lab 
Invest. 1978;38:409-421. 

9. Tourtellotte WW. The cerebrospinal fluid in 
multiple sclerosis. In: Vinken PJ, Bruyn GW, eds. 
Handbook of Clinical Neurology. Amsterdam the 
Netherlands: Elsevier Science Publishers; 1985. 


In Reply.—In agreement with Baum- 
hefner et al, we find it important that 
both studies, theirs and ours, came to 
the same conclusion: they have shown 
positive correlation between cere- 
brospinal fluid IgG concentration with 
the extent of cerebral lesions as mea- 
sured by magnetic resonance imaging; 
also both of these correlate well with 
visual-evoked potential latencies. The 
fact that these results were obtained 
through distinctly differing methods 
can only add to their significance, also 
decreasing vulnerability caused by ar- 
tifacts. 

Referring to the first point, please 


note that our global magnetic reso- 
nance imaging score incorporates both 
regions of hyperintensic changes, the 
intraparenchymatous focus, and the 
periventricular bright zones. If we in- 
dependently calculate correlations be- 
tween these two cerebral regions and 
the changes of the immunoglobulin 
content in cerebrospinal fluid, the 
value for the periventricular changes 
(r = .48) is slightly better than for the 
intracerebral plaque (r= .40), and 
both are highly significant. We have 
dropped this discrimination in favor of 
a better understanding. 

As to the different techniques used 
in the two studies, we agree that our 
method for quantifying IgG in the 
cerebrospinal fluid was not optimal. It 
has since been replaced by nephelo- 
metric measurements. However, we 
have clearly shown in the study that 
the correlation between these two 
methods was close enough, particu- 
larly in patients with definite multiple 
sclerosis (7 = .99), to allow us to profit 
by the greater number of cases studied 
by the older technique. We trans- 
formed our data logarithmically in or- 
der to adapt the data to a normal dis- 
tribution; we did not intend to increase 
the statistical significance. On the con- 
trary, some correlations would have 
been even better with nontransformed 
data. 

We do not agree with Baumhefner et 
al that our method for measuring the 
magnetic resonance imaging lesion 
area was not quantitative or paramet- 
ric. The reason why we did not trans- 
form the magnetic resonance imaging 
data by logarithmics was again based 
on a better correspondence to the nor- 
mal distribution. 

We did not suggest that cerebrospi- 


Correlations Between LOG y-globulin Values and Magnetic Resonance Imaging / 
Visual-Evoked Potential Changes”* 


Magnetic Resonance Imaging 
—.- vx .—owasaoammmoaua>sau4»,_—<SaS 
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* Poser A indicates Poser criteria class A; Poser AB, Poser criteria classes A and B; all, all patients; remitt, 
purely remittent course; progr-rem, progressive or remittent-progressive course; and >4y, disease duration of 


more than 4 years. 
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nal fluid IgG concentration was a mea- 
sure of inflammation in multiple scle- 
rosis, although we found a good corre- 
lation between cerebrospinal fluid IgG 
protein level and pleocytosis. Rather, 
we tried to stress the fact that the lack 
of correlation between nonspecific in- 
flammatory parameters and magnetic 
resonance imaging/visual-evoked po- 
tential indicates a specific interrela- 
tion between cerebrospinal fluid IgG 
and magnetic resonance imaging/Vvi- 
sual-evoked potential abnormalities. 
This interrelation might possibly be 
due to demyelinating activity of the 
cerebrospinal fluid IgG rather than to 
other inflammatory effects, a view that 
is supported by our finding of a miss- 
ing correlation between IgG and mag- 
netic resonance  imaging/visual- 
evoked potential abnormalities in 
more acute forms of multiple sclerosis 
where edematous inflammation might 
be more prominent than demyelina- 
tion. In a following study,’ we have 
shown that cerebrospinal fluid IgG 
(aggv) correlates better with magnetic 
resonance imaging/visual-evoked po- 
tential abnormalities in patients with 
chronic-progressive courses of long 
duration than in patients with a mere 
remittent course (Table). From this 
point of view, we would expect, con- 
trary to the suggestion of Baumhefner 
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et al, that gadolinium-enhanced mag- 
netic resonance imaging (indicating 
all regions with a leaky blood-brain 
barrier) will hardly show a close cor- 
relation with cerebrospinal fluid IgG. 
If further speculation is allowed, we 
expect the best correlation caused by 
the possibly demyelinating effect of 
cerebrospinal fluid IgG to be between 
cerebrospinal fluid IgG and the rate of 
increase of persisting lesions rather 


than the actual amount of lesions. 
FELIX A. J. MULLER, MD 
Neurologische Abteilung 
Kantonsspital 
8596 Miinsterlingen, Switzerland 
Paul E. Hanny, MD 
Neurologische Klinik 


WALTER FIERZ, MD 
Klinische Immunologie 
Universitatsspital 

8091 Zürich, Switzerland 


1. Miller FAJ, Hanny PE, Diirsteler MR, 
Wichmann W, Fierz W. CSF-gammaglobulins and 
the demyelinating process in MS. In: 1988 Multi- 
ple Sclerosis Updating-International Multiple 
Sclerosis Conference, Rome, Italy. Bologna, Italy: 
Monduzzi. In press. 


Downbeat Nystagmus Associated 
With Dolichoectasia of the 
Vertebrobasilar Artery 


To the Editor.—It is with some inter- 
est that we read the article of Jacobson 
and Corbett.' While there no doubt ex- 


ist brain-stem disorders that can re- 
sult in downbeat nystagmus as was 
emphasized in the article, it is of note 
that patient 3 of this article was re- 
ceiving lithium. It is implied that, be- 
cause the patient had not had lithium 
toxicity documented, this was not the 
cause of downbeat nystagmus. It has 
been noted, most recently in an article 
by Halmagyi et al, that with chronic 
lithium administration, toxicity is not 
necessary in order to develop irrevers- 
ible downbeat nystagmus. I think it 
would be worthwhile to make this 
point clear in order to alert clinicians 
that patients with bipolar affective 
disorders, who are receiving therapeu- 
tic levels of lithium, may develop irre- 
versible downbeat nystagmus despite 
decreasing or terminating lithium 


therapy. 
MARK 5S. Gans, MD, FRCS 
CALVIN A. MELMED, MD, FRCPC 
Sir Mortimer B. Davis 
Jewish General Hospital 
3755 Chemin de la Céte Ste Catherine 
Montreal, Quebec, Canada H3T 1E2 


1. Jacobson DM, Corbett JJ. Downbeat nystag- 
mus associated with dolichoectasia of the verte- 
brobasilar artery. Arch Neurol. 1989;16:1005- 
1008. 

2. Halmagyi GM, Lessell I, Curthoys IS, Lessell 
S, Hoyt WF. Lithium-induced downbeat nystag- 
mus. Am J Ophthalmol. 1989;107:664-670. 
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ANNUAL MEETING AND COURSES 


American Electroencephalographic Society 
September 22-26, 1990 
Houston, Texas 


The Annual Meeting of the Society will be held September 22-24 at the Westin Galleria in 
Houston, Texas. The program will include Symposia on: Quantitative Analysis and Automatic 
Techniques in the Diagnosis and Management of Epilepsy, Problems in Pediatric Clinical 
Neurophysiology, and Clinical Neurophysiology of Epilepsy Surgery, as well as Scientific 
Sessions, posters, and a technical exhibit. 


The Annual Courses of the Society will be held September 25 and 26 at the Westin Galleria. 
Courses include: Basic EEG (full-day), Pediatric Epileptic Syndrome, Evoked Potentials, 
Monitoring in Clinical Neurophysiology and Epilepsy, and Magnetism in Clinical Neuro- 
physiology. 

For more information, contact: 


Jacquelyn T. Coleman, Executive Director 
American Electroencephalographic Society 
P.O. Box 30 
Bloomfield, CT 06002 
(203) 243-3977 


November 5-6-7, 1990 


PHOENIX 


Ona 
Cosponsored by rt Z 


Barrow Neurological Institute 

St. Joseph’s Hospital and Medical Center 
and 

MIDAS REX Institute 


(Immediately precedes the 3rd Annual Barrow Neurological Institute 
Spine Workshop November 8-9-10.) 


“Modern Dissection Techniques of Bone, 
Biometals, Bioceramics, and Bioplastics” 


SYMPOSIA/HANDS-ON WORKSHOPS for: 

e NEUROSURGEONS, PLASTIC, CRANIOFACIAL, 
MAXILLOFACIAL, and OTOLAR YNGOLOGICAL 
SURGEONS (Neuro 700)* 

There will be a simultaneous Orthopaedic Symposium 
alae 700) in a separate room. Hospitality and some 
lectures will be combined. 


Course Directors: Robert F. Spetzler, M.D.; Volker K. H. Sonntag, M.D.; 
Susan Mitchell, Ed.D.; Ray Umber, Ph.D. 


YM F T 
The MIDAS REX Hands-On Workshop CREDIT: C.M.E. Credit Available. 


WORKSHOPS: 

will be held each day from 7:30 a.m. to 1:30 p.m. The 
workshop will emphasize a series of structured exercises 
utilizing appropriate animal bones, skeletal bones, bioplast- 
ics, and biometals for dissection in the cranium and spine. 
Methylmethacrylate and biometals as they relate to neuro- 
surgery will also be considered. Distinguished guest lectur- 
ers will make presentations and video tapes will be available. 


COURSE LOCATION AND ACCOMMODATIONS: 


Marriott’s Mountain Shadows Resort, 5641 East Lincoln 
Drive, Scottsdale, AZ 85253. Phone: 602-948-7111. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Fel- 
low/Resident $585.00 (with letter from Department 
Head); All Operating Room Personnel 
(RN/CST/PA/Other) $250.00. Make check to "Phoenix 
Symposium." Mail to: Midas Rex Institute, 2929 Race 
Street, Fort Worth, TX 76111. Phone: 800-433-7639 or 
817-831-2604. 

*Enrollment is limited. Please call to reserve space before 
sending check or arranging travel plans. All enrollments 
are made through the Midas Rex office in Fort Worth. 


Join the more than 8,500 enrollees who have completed MIDAS REX® Hands-On Workshops. 
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When you add PARLODEL’ therapy,* you achieve symptom control 
with lower levodopa dosages and fewer resultant complications.” 
Plus your patients get PATH™— a comprehensive management program 
that helps you monitor progress and improve quality of life 
through specific lifestyle changes. 


Enroll your patients in PATH™ today! For further information just call 1-800-874-PATH. 
Or fill in the coupon on the following page and return it to: 
PATH, P.O. Box 369, East Brunswick, NJ 08816 


PARLODEL® (bromocriptine mesylate) is available in 2'/2 mg SnapTabs™ and 5 mg capsules. 


Please see following page for brief prescribing information. 





SANDOZPHARMACEUTICALS 
Corporation, E. Hanover, NJ 07936 


PARLODEL® 
SnapTabs™ (bromocriptine mesylate) TABLETS, USP 
(bromocriptine mesylate) CAPSULES 


INDICATIONS AND USAGE 

Parkinson’s Disease 

Parlodel® (bromocriptine mesylate) SnapTabs™ or capsules are indicated in the 
treatment of the signs and symptoms of idiopathic or postencephalitic Parkinson's 
disease. As adjunctive treatment to levodopa (alone or with a peripheral decar- 
boxylase inhibitor), Parlodel® (bromocriptine mesylate) therapy may provide addi- 
tional therapeutic benefits in those patients who are currently maintained on optimal 
dosages of levodopa, those who are beginning to deteriorate (develop tolerance) to 
levodopa therapy, and those who are experiencing “end of dose failure” on levodopa 
therapy. Parlodel® (bromocriptine mesylate) therapy may permit a reduction of the 
maintenance dose of levodopa and, thus, may ameliorate the occurrence and/or 
severity of adverse reactions associated with long-term levodopa therapy such as ab- 
normal involuntary movements (e.g., dyskinesias) and the marked swings in motor 
function (“on-off’ phenomenon). Continued efficacy of Parlodel® (bromocriptine 
mesylate) therapy during treatment of more than two years has not been established. 


Data are insufficient to evaluate potential benefit from treating newly diagnosed 
Parkinson's disease with Parlodel® (bromocriptine mesylate). Studies have shown, 
however, significantly more adverse reactions (notably nausea, hallucinations, con- 
fusion and hypotension) in Parlodel® (bromocriptine mesylate ) treated patients than 
in levodopa/carbidopa treated patients, Patients unresponsive to levodopa are poor 
candidates for Parlodel® (bromocriptine mesylate) therapy. 


CONTRAINDICATIONS 
Uncontrolled hypertension, toxemia of pregnancy, sensitivity to any ergot alkaloids. 


WARNINGS 

Since hyperprolactinemia with amenorrhea/galactorrhea and infertility has been 
found in patients with pituitary tumors a complete evaluation of the pituitary is indi- 
cated before treatment with Parlodel® (bromocriptine mesylate). 


If pregnancy occurs during Parlodel® (bromocriptine mesylate) administration, 
careful observation of these patients is mandatory. Prolactin-secreting adenomas may 
expand and compression of the optic or other cranial nerves may occur, emergency 

ituitary surgery becoming necessary. In most cases, the compression resolves 
following delivery. Reinitiation of Parlodel® (bromocriptine mesylate) treatment has 
been reported to produce improvement in the visual fields of patients in whom 
nerve compression has occurred during pregnancy. The safety of Parlodel® (bromo- 
criptine mesylate) treatment during pregnancy to the mother and fetus has not been 
established. 


Symptomatic hypotension can occur in patients treated with Parlodel® (bromocrip- 
tine mesylate ) for any indication. 


Long-term treatment (6-36 months) with Parlodel® (bromocriptine mesylate) in 
doses ranging from 20-100 mg/day has been associated with pulmonary infiltrates, 
pleural effusion and thickening of the pleura in a few patients. In those instances in 
which Parlodel® (bromocriptine mesylate) treatment was terminated, the changes 
slowly reverted towards normal. 


PRECAUTIONS 

General 

Safety and efficacy of Parlodel® (bromocriptine mesylate) have not been established 
in patients with renal or hepatic disease. Care should be exercised when administer- 
ing Parlodel® (bromocriptine mesylate) therapy concomitantly with other medica- 
tions known to lower blood pressure. 


Parkinson’s Disease 
Safety during long-term use for more than two years at the doses required for parkin- 
sonism has not been established. 


As with any chronic therapy, periodic evaluation of hepatic, hematopoietic, cardiovas- 
cular, and renal function is recommended. Symptomatic hypotension can occur and, 
therefore, caution should be exercised when treating patients receiving antihyper- 
tensive drugs. 


High doses of Parlodel® So Seoagnel em mesylate) may be associated with confusion 
and mental disturbances. Since parkinsonian patients may manifest mild degrees of 
dementia, caution should be used when treating such patients. 


Parlodel® (bromocriptine mesylate) administered alone or concomitantly with 
levodopa may cause hallucinations (visual or auditory). Hallucinations usually 
resolve with dosage reduction; occasionally, discontinuation of Parlodel® (bromo- 
criptine mesylate ) is required. Rarely, after high doses, hallucinations have persisted 
for several weeks following discontinuation of Parlodel® (bromocriptine mesylate). 


As with levodopa, caution should be exercised when administering Parlodel® 
(bromocriptine mesylate) to patients with a history of myocardial infarction who 
have a residual atrial, nodal, or ventricular arrhythmia. 


Because it takes more than a prescription 
to manage Parkinson’s disease 


Please provide PATH “enrollment forms and information to: 


Dr. 
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A Complimentary Service of 


SANDOZPHARMACEUTICALS 
Corporation, E. Hanover, NJ 07936 (201) 503-7500 


Retroperitoneal fibrosis has been reported in a few patients receiving long-term 
therapy (2-10 years) with Parlodel® fbrodiderindne mesylate) in doses ranging from 
30 to 140 mg daily. 


DRUG INTERACTIONS 

Lack or decrease in efficacy may occur in patients receiving Parlodel® (bromocrip- 
tine mesylate) when they are treated concurrently with drugs which have dopamine 
antagonist activity e.g. phenothiazines, butyrophenones. This may bea aroblew par- 
ticularly for patients treated with Parlodel® (bromocriptine mesylate) for macro- 
adenomas. Although there is no conclusive evidence demonstrating interactions be- 
tween Parlodel® (bromocriptine mesylate) and other ergot derivatives, the concomi- 
tant use of these medications is not recommended. 


ADVERSE REACTIONS 

Parkinson's Disease 

In clinical trials in which bromocriptine was administered with concomitant reduc- 
tion in the dose of levodopa/carbidopa, the most common newly appearing adverse 
reactions were: nausea, abnormal involuntary movements, hallucinations, confu- 
sion, “on-off” phenomenon, dizziness, drowsiness, faintness/fainting, vomiting, as- 
thenia, abdominal discomfort, visual disturbance, ataxia, insomnia, depression, 
hypotension, shortness of breath, constipation, and vertigo. 


Less common adverse reactions which may be encountered include: anorexia, anxi- 
ety, blepharospasm, dry mouth, dysphagia, edema of the feet and ankles, erythro- 
melalgia, epileptiform seizure, Sirigue headache, lethargy, mottling of skin, nasal 
stuffiness, nervousness, nightmares, paresthesia, skin rash, urinary frequency, uri- 
nary incontinence, urinary retention, and rarely, signs and symptoms of ergotism 
such as tingling of fingers, cold feet, numbness, muscle cramps of feet and legs or 
exacerbation of Raynaud’s Syndrome. 


Abnormalities in laboratory tests may include elevations in blood urea nitrogen, 
SGOT, SGPT, GGPT, CPK, alkaline phosphatase and uric acid, which are usually tran- 
sient and not of clinical significance. 


DOSAGE AND ADMINISTRATION 

General 

It is recommended that Parlodel® (bromocriptine mesylate) be taken with food. Pa- 
tients should be evaluated frequently during dose escalation to determine the lowest 
dosage that produces a therapeutic response. 


Parkinson's Disease 

The basic principle of Parlodel® (bromocriptine mesylate) therapy is to initiate treat- 
ment at a low dosage and, on an individual basis, increase the daily dosage slowly 
until a maximum therapeutic response is achieved. The dosage alievaa during 
this introductory period should be maintained, if possible. The initial dose of 
Parlodel® (bromocriptine mesylate) is 1⁄2 of a 2⁄2 mg SnapTab™ twice daily with 
meals. Assessments are advised at two week intervals during dosage titration to en- 
sure that the lowest dosage producing an optimal therapeutic response is not ex- 
ceeded. If necessary, the dosage may be increased every 14 to 28 days by 2/2 mg per 
day with meals. Should it be advisable to reduce the dosage of levodopa because of 
adverse reactions, the daily dosage of Parlodel® (bromocriptine mesylate), if in- 
creased, should be accomplished gradually in small (22 mg) increments. 


The safety of Parlodel® (bromocriptine mesylate) has not been demonstrated in dos- 
ages exceeding 100 mg per day. 


HOW SUPPLIED 

SnapTabs™ , 2⁄2 mg 

Round, white, scored SnapTabs™, each containing 2/2 mg bromocriptine (as the 
mesylate) in packages of 30 (NDC 0078-0017-15) and 100 (NDC 0078-0017-05). 
Embossed “PARLODEL 2/2” on one side and scored on reverse side. 


Capsules, 5 mg 

Caramel and white capsules, each containing 5 mg bromocriptine (as the mesylate) 
in packages of 30 (NDC 0078-0102-15) and 100 (NDC 0078-0102-05). Imprinted 
“PARLODEL 5 mg” on one half and “&” on other half. 
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Original Contributions 


Advanced Alzheimer’s Disease 


Is a Risk Factor for Late-Onset Seizures 


Matthew F. Romanelli, MD; John C. Morris, MD; Kenneth Ashkin, MD; Lawrence A. Coben, MD 


è To determine the role of Alzheimer’s 
disease as a causative factor for late- 
onset epilepsy, 44 subjects with mild se- 
nile dementia of the Alzheimer type and 58 
healthy control subjects were examined 
over a 90-month period for the develop- 
ment of focal or generalized seizure activ- 
ity (excluding myoclonus). At entry, all 
subjects were free of prior seizures and 
other neurologic, medical, and psychiatric 
disorders with the potential to impair cog- 
nition. Although no control subject devel- 
oped seizures during the study period, 7 
subjects with senile dementia of the Alz- 
heimer type had at least one documented 
seizure. All 7 subjects had progressed to 
the severe stage of dementia by the time 
of the first seizure. Seizures were general- 
ized tonic-clonic in type and were unasso- 
ciated with clinical or (in 3 subjects) neu- 
ropathologic evidence for epileptogenic 
factors other than Alzheimer’s disease. 
We conclude that advanced Alzheimer’s 
disease alone may be an important risk 
factor for new-onset seizures in older 
adults. 

(Arch Neurol. 1990;47:847-850) 


Accepted for publication January 9, 1990. 
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isk factors for late-onset seizures in 

elderly persons include space-oc- 
cupying lesions, cerebrovascular dis- 
ease, trauma, and _ toxic-metabolic 
encephalopathies.'” The increased age- 
specific incidence of seizures in late life 
has’ been related particularly to the 
high frequencies of cerebral tumors‘ 
and stroke’ in older adults. However, 
the cause of seizures may be unidenti- 
fied in one half to two thirds of all pa- 
tients with seizures beginning after 
the age of 60 years.** Because idio- 
pathic (primary) epilepsy is exceed- 
ingly uncommon in elderly persons,’ 
other age-associated brain diseases 
with unrecognized epileptogenic po- 
tential likely are present in many of 
these patients. 

Alzheimer’s disease (AD) occasion- 
ally has been implicated as a cause of 
late-onset seizures.'°'' The pathophys- 
iology of AD includes alterations of 
neurons and glia in hippocampal and 
neocortical areas and thus provides a 
putative substrate for epileptogenesis. 
However, the precise role of AD in the 
seizures of older adults has been diffi- 
cult to define, in part because previous 
studies have employed widely varying 
diagnostic criteria, lacked control 
groups or a prospective design, and 
have not always excluded persons with 
seizures occurring before the onset of 
AD. Moreover, there have been few at- 
tempts to examine the relationship of 
seizures with severity of dementia. (In 
this article, senile dementia of the 
Alzheimer type [SDAT] refers to the 
disorder diagnosed by clinical means 
in a person 65 years of age or older; AD 
refers to the histologically verified dis- 
ease.) 

In a study of the natural history of 
SDAT, we have serially assessed 44 
persons with SDAT and 58 elderly 


control persons over a 90-month pe- 
riod; a history of seizure was absent for 
all subjects at time of entry. We report 
the development of seizures in this 
sample and suggest that advanced 
SDAT is an important risk factor for 
late-onset epilepsy. 


SUBJECTS AND METHODS 
Subjects 


Forty-four persons (mean age + 
SD = 71.5 + 4.9 years) with mild SDAT 
and 58 control persons (mean age + SD 
= 71.7 + 4.9 years) were enrolled in a lon- 
gitudinal study of senile dementia and 
healthy aging (Table 1). The recruitment 
methods and full characterization of the 
sample have been described.” Briefly, all 
subjects were community dwelling at entry 
and white, although enrollment was not re- 
stricted by race; the SDAT and control 
groups were comparably educated. The sub- 
jects with SDAT met validated inclusion- 
ary and exclusionary criteria at entry to 
ensure that SDAT was the only dementing 
disorder present”; the control subjects met 
all exclusionary criteria but had no intel- 
lectual dysfunction. Subjects with a history 
of any lifetime seizure or suspected seizure 
were excluded, as were subjects with past or 
present alcohol abuse, craniocerebral 
trauma, systemic or cerebral tumor, stroke, 
or other neurologic or medical illnesses that 
predispose to seizures. 


Study Duration 


All subjects were examined at entry and 
at 15- to 18-month intervals thereafter un- 
less prevented by death, change of resi- 
dence outside the St Louis (Mo) area, or re- 
fusal to continue participation. The devel- 
opment of seizures was monitored from 
entry through the seventh time of assess- 
ment, a period of 90 months. At the conclu- 
sion of this period, 45 control subjects 
(78%) and 13 subjects with SDAT (30%) 
remained active in the study; 9 control sub- 
jects (15%) and 22 subjects with SDAT 
(50% ) had died, and 7 subjects with SDAT 
(16%) became unavailable because of 
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change of residence. Only 2 subjects with 
SDAT (4%) and 4 control subjects (7%) 
were inactive at the end of the study period 
because of refusal to participate. 


Assessment 


Comprehensive clinical assessments 
were performed by experienced neurolo- 
gists or psychiatrists at each time of eval- 
uation. The assessment protocol contained 
open-ended and structured interviews with 
both the subject and a collateral source 
(usually a close relative) and an examina- 
tion of the subject.'? The protocol provided 
information sufficient to rate the global 
cognitive function of the subjects by means 
of the Clinical Dementia Rating (CDR) 
system, where CDR-0 indicates no cognitive 
impairment and CDR-1, -2, or -3 indicates 
mild, moderate, or severe impairment, 
respectively.'*> The reliability of the CDR 
has been demonstrated."* At entry, all sub- 
jects with SDAT were CDR-1 and all con- 
trol subjects were CDR-0. 

Cranial computed tomography and he- 
matologic, biochemical, and serologic stud- 
ies were performed at entry and at specified 
assessment periods subsequently. Electro- 
encephalography (EEG) was obtained at 
entry in the spontaneous resting state in a 
two-channel montage (left occipital to ver- 
tex and right occipital to vertex) for four 
separate epochs, each 16 seconds in 
duration.” This recording procedure was 
chosen to provide higher-amplitude visual 
evoked potentials than would be possible at 
International 10-20 System sites and to 
sample the EEG for frequency analysis; it 
was not intended for diagnosis.'® 

A history of seizure was sought at each 
follow-up assessment, both by open-ended 
inquiry and in response to specific ques- 
tions. Additional pertinent information 
was obtained from medical and nursing 
home records for all subjects with one or 
more reported seizures (focal or general- 
ized) during the study period, and all avail- 
able neuroimages and EKG recordings were 
reviewed. Only episodes for which adequate 
documentation of epileptiform activity was 
available and that could not be reasonably 
explained by alternative mechanisms (eg, 
syncope) were considered to represent sei- 
zures. For purposes of this study, the clas- 
sification of seizures did not include myo- 
clonus; the occurrence of myoclonus in this 
study sample has been reported else- 
where.’ 


Neuropathologic Examinations 


Fourteen brains were obtained from the 
22 subjects with SDAT who died in the 
study; 2 control brains also became avail- 
able for postmortem examination. Follow- 
ing formaldehyde fixation, representative 
tissue blocks from cerebral cortex, hippo- 
campus, thalamus, corpus striatum, mid- 
brain, pons, medulla, and cerebellum were 
embedded in paraffin and sectioned for 
staining by conventional methods, includ- 
ing the Bielschowsky silver technique.” Fi- 
nal diagnoses were made by a senior neuro- 
pathologist after standard interpretation 
of the gross and microscopic findings (eg, 
AD was diagnosed in the presence of nu- 
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Table 1.—Entry Characteristics * 


Subjects 
With SDAT 


44 







Controls 
58 






No. 
Ratio of men 







to women 21:23 28:30 
Age, yt 71.5 + 4.9 71.7 + 4.9 
Education, y 12.5 + 4.1 12.8 + 3.5 
Duration of 

dementia, yt 3.6 + 1.7 NA 





* SDAT indicates senile dementia of the Alzheimer 
type; NA, not applicable. 
tValues given are mean + SD. 


merous senile plaques and/or neurofibril- 
lary tangles, distributed widely throughout 
the neocortex). All 14 subjects with SDAT 
had AD confirmed pathologically; neither 
control subject had AD. 


RESULTS 
Clinical 


Over the course of the study, 7 (16% ) 
of the 44 subjects with SDAT devel- 
oped at least one documented seizure; 
no control subject experienced a sei- 
zure. The difference in seizure occur- 
rence for the two groups is significant 
(P = .002, Fisher’s Exact Test, two- 
tailed). In all 7 subjects with SDAT (3 
male, 4 female) with late-onset sei- 
zures, the seizures were generalized 
tonic-clonic in type. Postictal hemi- 
paresis occurred transiently in 2 sub- 
jects. In 5 subjects, a single seizure 
only was observed, whereas in the re- 
maining 2 subjects, a second general- 
ized tonic-clonic seizure occurred 
within weeks of the first. Following 
initiation by their private physicians 
of oral phenytoin sodium therapy in all 
7 subjects with SDAT, no further sei- 
zures were observed. Monitoring of 
therapy by serum phenytoin levels was 
not performed. None of the subjects 
with seizure had associated myoclo- 
nus. 

At the time of the first seizure, all 7 
subjects with seizure had advanced in 
SDAT severity from the CDR-1 stage 
(mild dementia) at entry to the CDR-3 
stage (severe dementia); 4 were insti- 
tutionalized. In the total sample of 44 
subjects with SDAT, 31 eventually 
progressed to the CDR-3 stage during 
the study and 18 either died or were 
unavailable for follow-up for other 
reasons before becoming severely de- 
mented. Thus, 23% (7/31) of severely 
demented subjects developed seizures. 
The CDR-3 subjects with seizures were 
not significantly different at the time 
of CDR-3 diagnosis from those without 
seizures in terms of gender, age at de- 
mentia onset, age at reaching the 
CDR-3 stage, or overall mortality (Ta- 
ble 2). Furthermore, there were no 
significant group differences between 


Table 2.—Milestones for Severely 
Demented Subjects, With and Without 
New-Onset Seizures * 


With 
Seizures 
(n.= 7) 


Without 
Seizures 
(n = 24) 
Estimated age 
at dementia 
onset, yt 
Age at CDR-3 
designation, yt 
Age at first seizure, 
yt 74.1+ 5.8 NA 
No. (%) dead at 
90 mo 3 (43) 11 (46) 


* SDAT indicates senile dementia of the Alzheimer 
type; CDR, Clinical Dementia Rating, where CDR-3 
indicates severe dementia; and NA, not applicable. 

tValues given are mean + SD; group differences 
are not significant (P > .05). 


65.9 t 3.8 67.2 + 4.7 


72.6+5.2 74.6 + 4.7 





the CDR-3 subjects with seizures and 
the CDR-3 subjects without seizures 
for the following variables: educa- 
tional level; strokelike events; alcohol 
use; systolic and diastolic blood pres- 
sure; abnormal gait; corticospinal 
tract signs (eg, extensor plantar 
signs); or urinary incontinence (Ryan- 
Einot-Gabriel-Welsch Multiple F Test 
for pairwise comparisons). Although 
the 7 subjects with seizures had a 
higher number (mean + SD = 
3.1 + 1.2) of total prescription medi- 
cations than the CDR-3 subjects with- 
out seizures (mean + SD =1.3 + 1.3) 
(P < .05, Student’s t test, two-tailed) at 
the time of CDR-3 designation, there 
were no substantial differences be- 
tween the groups in terms of neuro- 
leptic, sedative-hypnotic, or cardiovas- 
cular drug exposure. 

In only one subject was a clinical 
EEG (10-channel) obtained in the im- 
mediate postseizure period. That re- 
cording, obtained the day after the 
seizure episode, revealed posteriorly 
dominant irregular delta and theta 
slowing and intermittent rhythmic 
delta activity, often sharply contoured 
and monophasic or diphasic. There 
were occasional bisynchronous spikes 
or sharp waves that were maximal in 
the temporoparietal or frontocentral 
area and were sometimes asymmetric 
but without persistent lateralization 
(Fig 1). A two-channel research EEG, 
obtained 7 months after the seizure, 
demonstrated excess theta and delta 
activity but no epileptiform activity. 

A 20-channel EEG was obtained ina 
second subject 15 months postseizure. 
The recording showed one definite 
sharp wave with an aftercoming slow 
wave at P, as well as three possible 
sharp waves without associated slow 
waves (Fig 2); there were also possible 
biparietal sharp waves and possible 
small spikes and sharp waves at C,, F3,, 
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Fig 1.—Clinical electroencephalogram recorded the day after seizure occurrence in a 66-year- 
old subject with senile dementia of the Alzheimer type. Note the bisynchronous sharp waves and 


sharply contoured delta waves. 
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Fig 2.—Research electroencephalogram recorded 15 months after the first seizure in a 79-year- 
old subject with senile dementia of the Alzheimer type. Note one definite sharp wave with an af- 
tercoming slow wave at P, (x) and three other possible sharp waves (dots). 


or P;,. For all seven subjects, the in- 
formation from the preseizure two- 
channel research EEG, which used 
only occipital to vertex deviations and 
a brief recording time in the awake 
state, is limited. However, epilepti- 
form activity was not demonstrated. 

Cranial computed tomographic 
scans, performed only before seizure 
onset in six subjects but including a 
postseizure study in one subject, re- 
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vealed no potentially epileptogenic le- 
sions. 


Neuropathologic Findings 


Alzheimer’s disease was confirmed 
on postmortem examination in the 
three subjects with SDAT who had had 
seizures; in all three, the numbers of 
neocortical plaques exceeded proposed 
age-specific criteria for the confident 
diagnosis of AD.” With the exception 


of mild to moderate atherosclerosis of 
the cerebral vasculature, there were no 
other neuropathologic diagnoses in 
any of the three cases; specifically, ce- 
rebral infarcts were absent. 


COMMENT 


This study provides strong support 
for the hypothesis that advanced AD is 
a risk factor for new-onset generalized 
tonic-clonic seizures. Our findings are 
in general agreement with those from 
the few previous studies that have 
specifically addressed seizure occur- 
rence in AD. Sjögren” remarked about 
“the rather high frequency of general- 
ized epileptiform convulsions”. in 
proven AD, as 4 (22%) of 18 persons 
experienced seizures in the more ad- 
vanced stages of dementia; no infor- 
mation was provided, however, about 
the possibility of preexisting seizure 
disorder. In an uncontrolled survey of 
institutionalized patients with pre- 
sumptive AD, Sulkava” reported that 
epilepsy occurred more often in per- 
sons with onset of dementia before the 
age of 65 years (11%) than it did in 
those with later onset (6% ). The same 
author did not find an association be- 
tween the presence of seizures and 
EEG abnormalities. In a retrospective 
study of 83 verified AD cases, Hauser 
et al'' found that unprovoked convul- 
sive seizures unrelated to myoclonus 
occurred in 10 persons (12%) after a 
mean dementia duration of 6.5 years, 
although in at least 2 cases seizures 
antedated onset of dementia. Heyman 
et al” determined that 3 of the 4 
patients with myoclonus at entry into 
their longitudinal study of early-onset 
presumptive AD later developed gen- 
eralized tonic-clonic seizures; a total of 
13 (14%) of their 92 patients experi- 
enced major motor seizures, all in the 
advanced stages of dementia. A recent 
preliminary report indicated that sei- 
zures occurred in 14 (64%) of 22 pa- 
tients with autopsy-proven AD who 
had been prospectively evaluated”; in- 
formation about seizure type or de- 
mentia severity was not provided. 
Thus, although the exact prevalence of 
AD-related seizures in these series 
varies with differences in sample se- 
lection and other criteria, the data 
generally correspond with our finding 
that 16% of all persons with SDAT 
develop seizures. As in our study, sei- 
zures have been associated with the 


advanced stages of disease whenever 


dementia severity is considered.”!” 
The correlation of seizures with 
EEG abnormalities in persons with 
AD is confounded by difficulties in ob- 
taining postictal recordings in uncoop- 
erative patients who often are institu- 
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tionalized and by the frequent appear- 
ance of spikes or sharp waves in 
demented patients without seizures.” 
In studies of AD with pathologic con- 
firmation for some or all of the cases, 
epileptiform EEG activity was present 
in 6% to 35% of patients, and clinical 
seizures (excluding myoclonus and 
premorbid seizures) were present in 
1% to 47% of patients; among patients 
with epileptiform EEG activity, sei- 
zures occurred in 4% to 50%.**’ In a 
more recent study of patients with 
presumed AD, the corresponding fig- 
ures were similar: 9%, 3%, and 33%. 
More data clearly are needed to deter- 
mine the predictive utility of the EEG 
in patients with AD who are at risk for 
seizures. 

Our study is limited by several fac- 
tors. Because of differences in mortal- 
ity, the amount of time under surveil- 
lance for seizures was greater for con- 
trols than for subjects with SDAT, 
suggesting that the observed differ- 
ence in seizure occurrence between the 
groups is an underestimate of the true 
difference. Sample sizes were rela- 
tively small and the SDAT group rep- 
resented the “pure” disorder, thus re- 
stricting generalization to the SDAT 
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population at large. Precise seizure 
classification in AD is difficult because 
nonconvulsive seizures may occur but 
go unrecognized in severely demented 
persons; conversely, generalized tonic- 
clonic seizures may be underreported 
in this group because unless the sei- 
zure is observed directly, postictal con- 
fusion and incontinence may be inter- 
preted as part of the advanced state of 
AD. The presence of postictal hemi- 
paresis in two of our subjects suggests 
that focal origin with rapid secondary 
generalization is a possibility. 

In spite of these limitations, we find 
a characteristic clinical picture for 
new-onset seizures associated with AD 
alone. Generalized tonic-clonic sei- 
zures are the rule. Seizures, which may 
recur, develop only in the advanced 
stages of dementia, in which they may 
affect as many as one fourth of all pa- 
tients. There is no clear relationship 
between the seizures and the presence 
of myoclonus. Although based only on 
anecdotal observations, phenytoin ap- 
pears to be an effective anticonvulsant 
in this setting. Deviations from this 
typical pattern of AD-associated sei- 
zures, such as occurrence in the mild to 
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ocal focal onset, or status epilepticus,” 
should prompt investigation for epi- 
leptogenic factors other than AD. 
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tant risk factor for late-onset seizures. 
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The Prognosis in Alzheimer’s Disease 
‘How Far’ Rather Than ‘How Fast’ Best Predicts the Course 


David A. Drachman, MD; Brian F. O’Donnell, PhD; Robert A. Lew, PhD; Joan M. Swearer, MA 


@ Clinical features at the initial exami- 
nation of 42 patients with probable Alz- 
heimer’s disease were tested for prognos- 
tic value at subsequent follow-up of 
54 + 25 months. These potential prog- 
nostic features were of three types: de- 
gree of severity features (eg, IQ scores); 
variable clinical features (eg, extrapyrami- 
dal signs); and individual distinguishing 
features (eg, gender, education, and age). 
The power of these potential prognostic 
features to predict prognosis was as- 
sessed using the Kaplan-Meier life-tables 
method and the Cox proportional hazards 
model. Three clinical end points were con- 
sidered: total dependence in activities of 
daily living; incontinence; and institution- 
alization at follow-up. Degree of severity 
features (subtests of the Wechsler Adult 
Intelligence Scale-Revised and the 


Į” Alzheimer’s disease (AD) there is 

considerable variation in both the 
severity of the dementia and, it is be- 
lieved, in the rapidity of its 
progression.: Identification of clinical 
features that predict the subsequent 
course could provide valuable prognos- 
ticinformation for individual patients. 
In addition, the demonstration that 
certain distinctive clinical features 
predict different prognoses could pro- 
vide support for the hypothesis that 
there are true “subtypes” of AD.'? The 
varied clinical features and associated 
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Wechsler Memory Scale, and the Clinical 
Severity Score) predicted subsequent de- 
pendence in activities of daily living, in- 
continence, and institutionalization. His- 
torical disease duration, age, gender, fam- 
ily history of dementia, retrospective rate 
of progression, anxiety, psychosis, de- 
pression, and extrapyramidal signs did not 
influence prognosis. These results sug- 
gest that initial degree of severity (“how 
far”) rather than variation in the rate of 
progression (“how fast”) best predicts 
prognosis in the early to intermediate 
stages of Alzheimer’s disease. The rela- 
tionship of disease severity to prognosis 
should be taken into account before con- 
cluding that there are subtypes of Alz- 
heimer’s disease that have different rates 
of progression. 
(Arch Neurol. 1990;47:85 1-856) 


rates of progression in these subtypes 
would presumably reflect differences 
in the disease process. 

While many cross-sectional descrip- 
tions of AD appear in the neurologic 
literature, relatively few studies have 
attempted to predict prognosis from 
historical, clinical, or laboratory fea- 
tures. The presence of extrapyramidal 
signs or myoclonus, worse intellectual 
performance, male gender, and more 
impaired function in activities of daily 
living (ADL) in patients with AD have 
all been reported to predict that the 
disease will be more advanced at a 
given follow-up interval.** Increased 
mortality at follow-up has been said to 
be predicted by very young or very old 
age of onset of AD, greater intellectual 
impairment, more severe ADL impair- 
ment, advanced patient age, male gen- 
der, and more prominent electro- 
encephalographic abnormalities.*’° 


Aphasic disturbances have been asso- 
ciated with more advanced disease 
stage at follow-up, increased mortal- 
ity, and a higher rate of institutional- 
ization as well.*!°!! Computed tomo- 
graphic scan measures have not pre- 
dicted outcome in AD, however, nor 
has greater education been noted to 
reduce the rate of intellectual decline." 

Interpretation of these studies is 
limited by several methodologic prob- 
lems that include the following: (1) 
lack of discrete clinical end points that 
would represent a recognizable land- 
mark in the course of disease, short of 
death; (2) failure to compensate for 
variable follow-up intervals, and in- 
complete follow-up'**; and (3) failure 
to consider the relationship of poten- 
tial predictive features (PPF's) to se- 
verity of disease at entry rather than 
(or in addition to) varying rapidity of 
progression in different “subtypes” of 
AD. 

To deal with these issues, we have 
chosen simple, relatively concrete clin- 
ical changes, such as incontinence or 
loss of ADL, as end points. These 
events occur consistently as AD 
progresses; they reflect the extent of 
impairment due to AD, and are such 
clinically important landmarks that 
they are unlikely to be missed. We an- 
alyzed the relationship between PPFs 
determined at entry into the study and 
the time to arrival at these milestones, 
using both univariate and multivari- 
ate life-table methods—the Kaplan- 
Meier life-tables method and the Cox 
proportional hazards model.” The 
Kaplan-Meier method allows compar- 
ison of survival curves using single, 
categorical PPF's (eg, male vs female; 
young vs old). The Cox model allows 
comparison of the relative prognostic 
power of multiple PPFs, and can help 
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narrow down a large set of PPFs to a 
smaller and less redundant set. 


The Cox analysis places patients in 
order by the amount of follow-up time 
each has had, and then singles out 
those patients who have reached a de- 
fined end point, such as incontinence. 
The first patient to become incontinent 
is contrasted with all patients with as 
much or more follow-up time who re- 
tain sphincter control to determine 
which, if any, PPFs separate the pa- 
tients who are incontinent from those 
who still retain sphincter control. 
Each patient who subsequently be- 
comes incontinent is then compared 
with those followed for as long a time 
who still retain sphincter control, and 
so on. The Cox model aggregates all 
these cross-sectional comparisons and 
then selects PPFs that consistently 
predict the order of arrival at the pre- 
determined end point, giving extra 
weight to the PPFs that predict earli- 
est arrival at the end point. The Cox 
analysis depends only on the order of 
arrival at end point, rather than on the 
actual time interval to end point. If the 
model were to select a PPF such as 
family history of dementia, for exam- 
ple, then patients with a family history 
of dementia would be said to have a 
greater hazard rate for early inconti- 
nence than those patients without 
such a family history. 


The time to end point for a given pa- 
tient may be influenced by two factors: 
the severity at entry (how far the pa- 
tients dementia has already pro- 
gressed) and the rate of progression 


(how fast the patient is declining). 
Since life-table methods do not indi- 
cate whether it is the difference in se- 
verity at entry or the rate of progres- 
sion that is responsible for the out- 
come, analysis of PPFs should take 
these factors into account to clarify the 
prognostic implications of those PPF's 
that predict outcome. 

To aid in interpreting these features 
in this study, the PPFs were grouped 
into three categories. These categories 
were based on whether or not PPFs 
were consistently related to disease 
severity; related to disease severity, 
but variably present from case to case; 
or unrelated to disease severity. 

Any clinical feature that is a mea- 
sure of severity would indicate how far 
along the path from the earliest symp- 
toms to the defined end points each 
patient had progressed when first ex- 
amined. More severely affected pa- 
tients would be further advanced on 
the continuum of dementia, and there- 
fore would be expected to reach the end 
points sooner than those who were less 
severely affected at entry. Any feature 
that has no relationship to disease se- 
verity, however, could only be related 
to the outcome if it were associated 
with a different rate of disease pro- 
gression. 

The PPFs we studied included the 
following: First, degree of severity fea- 
tures, such as measures of impairment 
of verbal ability or memory deficit. 
These severity-related features are in- 
dicators of disease progression that 
must be traversed by all patients in the 
course of the illness, and imply close- 


Table 1.—Severity-Related Features 


Features Mean + SD 


2.4 + 0.7 
3.6 


Clinical severity score * 
Informationt 

Picture completiont 
Digit symbolt 

Digits forwardt 
Orientationt 

Logical memory+ 





* Clinical severity: 5 patients were grade 1 (minimal impairment); 15 patients were grade 2 (mild impairment); 


Hilt H EH 


and 22 patients were grade 3 (moderate impairment, but still independent in basic self-care activities). 
tWechsler Adult Intelligence Scale-Revised, scaled score. 


Wechsler Memory Scale, raw score. 


Table 2.—Variable Clinical Features * 


Duration, y 1-10 (3.4 + 2.0)t 
45% 
45%t 
10%$ 
26%Ft 


Depression 

Anxiety 

Psychosis 
Extrapyramidal signs 


* See Table 4 for criteria. 
tRange (mean + SD). 
Proportion of patients satisfying criteria. 
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ness to an end point (Table 1). Second, 
variable clinical features that occur 
inconsistently in AD, such as extrapy- 
ramidal signs. These features could 
reflect the degree of severity at entry, 
or a different subtype of AD with a 
different rate of deterioration, or both 
(Table 2). Third, individual distin- 
guishing features, such as gender or 
age of onset. These PPFs do not mea- 
sure the severity of dementia at entry, 
and if they significantly predict the 
outcome, may indicate different rates 
of progression (Table 3). 


PATIENTS AND METHODS 
Patients 


Fifty-two patients diagnosed as having 
probable AD were retrospectively selected 
from more than 200 demented patients 
evaluated neurologically and neuropsycho- 
logically during a 5-year period and fol- 
lowed up at the University of Massachu- 
setts Alzheimer’s and Related Disorders 
Clinic, Worcester. All patients meeting the 
criteria were included. Selection was based 
first on a diagnosis of probable AD using 
the National Institute of Neurological Dis- 
orders and Stroke-Alzheimer’s Disease and 
Related Disorders Association criteria’ 
when all other identifiable causes for the 
dementia were ruled out, based on neuro- 
logical evaluation and laboratory tests. The 
inclusion criteria were: completeness of 
neurologic, neuropsychologic, and labora- 
tory evaluations; absence of other major 
medical illnesses; absence of history of psy- 
chiatric illness; an ischemia score of 4 or 
less'®; and mild to moderate severity of de- 
mentia (patients could not have reached 
any end point at the time of initial evalua- 
tion). 

Ten of these patients were not available 
for follow-up evaluation of functional level 
(2 had died, while 8 could not be located by 
mail or telephone contact) and were elimi- 
nated from the study. The characteristics of 
the 42 remaining patients who composed 
the study group are listed in Tables 1 
through 3. Follow-up was measured from 
the date of initial evaluation, and varied 
from 10 to 130 months (mean, 54 + 25 
months). For a given patient, follow-up was 
complete when all three end points had 
been reached. 


Prognostic Features 


Potential prognostic features were 
grouped according to their relationship to 


Table 3.—Individual Distinguishing Features 


Age, y 


Education, y 

Retrospective rate of declinet 
Positive family history, %¢ 
Gender, %t 


*Range (mean + SD). 


40-84 (66.4 + 9.6)* 
2-22 (12.7 + 2.9)° 
0.2-3 severity levels/y (1.1 + .9) 


55 female 





tClinical severity score/estimated disease duration in years at initial evaluation. 


Proportion of patients. 
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disease severity. They were tested for their 
power to predict which patients first 
reached the study end points. 

Features related to disease severity are 
listed in Table 1. The subtests used from the 
Wechsler Adult Intelligence Scale-Re- 
vised'* and the Wechsler Memory Scale” 
were selected on the basis of their demon- 
strated power to discriminate and measure 
different deficit domains in dementia.'*” 
Scaled scores unadjusted for age were used 
for Wechsler Adult Intelligence Scale-Re- 
vised subtests, raw scores for Wechsler 
Memory Scale subtests. The clinical sever- 
ity score describes a patient’s grade of dys- 
function in the outpatient environment, 
and can range from 1 (minimal disability) 
to 5 (total dependence).'* Since patients at 
grades 4 or 5 are dependent in ADL, pa- 
tients with these grades on initial evalua- 
tion were excluded from the study. Variable 
clinical features are listed in Table 2. These 
features were determined by questionnaire, 
psychometric testing, and clinical exami- 
nation (criteria are listed in Table 4). Indi- 
vidual distinguishing features are listed in 
Table 3. 


End-Point Measures 


Three separate end points were used: to- 
tal dependence in ADL, incontinence, and 
institutionalization. Patients were classi- 
fied as dependent in ADL when they regu- 
larly required significant assistance in two 
of three basic activities of dressing, eating, 
and bathing. Incontinence was considered 
to be present if a patient had loss of control 
of bladder and/or bowel function at least 
once a week. Patients were classified as in- 
stitutionalized if they had permanently 
moved to a nursing home or other full-care 
institution. Follow-up measures were taken 
either from serial clinical evaluation of pa- 
tients at the Alzheimer’s and Related Dis- 
orders Clinic, or through telephone inter- 
views with the patient’s caregiver if the pa- 
tient had not returned to the clinic after 1 
year. In each case, inquiry about all three 
end points was made using a formal ques- 
tionnaire and a detailed ADL scale.”' For 
institutionalization, the time to end point 
was determined using the exact date of in- 
stitutionalization. If a patient had reached 
a functional end point (incontinence or de- 
pendence in ADL) before an evaluation, the 
caregiver was interviewed to obtain the 
most accurate estimated time to end point. 
At the time of this analysis, 34 patients 
were dependent in ADL, 32 were inconti- 
nent, and 30 had been institutionalized. 


Statistical Analysis 


The Kaplan-Meier life-tables method 
was used to obtain survival curves for each 
end point as a function of individual PPFs. 
Separate Kaplan-Meier tests determine the 
prognostic value of individual PPF's for ar- 
rival at specific end points, and allow com- 
parison of these results with findings in 
other published studies. The PPFs with 
more than two values were divided into 
high and low scores using median values to 
compare “survival” functions. 

The Cox proportional hazards model 
(BMDP2L statistical package”) was used to 
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detailed elsewhere '*’ 


behavioral diagnosis 


determined by the examining neurologist 


identify the best set of PPFs to predict ar- 
rival at end points. The stepwise algorithm 
tests many PPFs before choosing a best set 
according to statistical criteria. Because of 
the large number of statistical comparisons 
in this study, we adopted a critical P value 
of less than .01 rather than of less than .05 
to reduce the chance of a type I (false-pos- 
itive) error.” 

Prognostic features may be highly inter- 
correlated, so that alternative PPFs, or sets 
of PPFs, may predict decline almost as well 
as the features selected for the final model. 
We checked for any such relationships by 
removing the PPFs selected as most signif- 
icant by the Cox model, and rerunning the 
analysis.” 


RESULTS 
Kaplan-Meier Life-table Results 


Figure 1 shows Kaplan-Meier sur- 
vival curves for each end point over a 
5-year period. Although the curves 
suggest that dependence in ADL tends 
to precede incontinence, and inconti- 
nence tends to precede institutional- 
ization, exceptions to this sequence 
were frequent among these patients. 
The majority of patients followed up 
for 5 years had reached end points. At 
5 years, the estimated rate of depen- 
dence in ADL was 80%, of inconti- 
nence 74%, and of institutionalization 
15%. 

The predictive power of each PPF 
for the three clinical end points is 
listed in Table 5. Five severity mea- 
sures predicted functional decline in 
ADL: clinical severity score, picture 
completion, digit symbol, orientation, 
and logical memory at P < .01. Digit 
symbol marginally predicted inconti- 
nence (P = .01); no other PPFs pre- 
dicted this outcome. Picture comple- 
tion predicted institutionalization 
(P < .01) Kaplan-Meier survival 
curves for high and low values of the 
digit symbol test for each end point are 
shown in Fig 2. High and low scores 
were generated using the median score 
on digit symbol (2). Twenty of the pa- 
tients received a scaled score of 1 (low 


Table 4.— Scoring of Clinical Features 


Clinical severity: severity of functional impairment was rated on the basis of patient performance 
and ability at work, home, and in basic self-care activity; a full description of the clinical severity 
scale, its validation and relationship to psychometric measures of performance has been 


Depression, anxiety, and psychotic symptoms, (hallucinations, delusions, paranoia) were evaluated 
by two examiners (a psychologist and a neurologist) for each patient; in addition, specific 
questions related to each set of behavioral symptoms were completed on a detailed 
questionnaire™®; concordance among two of these three sources was required for each 


Extrapyramidal signs were scored on the presence of two or more of the following: a regular 
tremor at 4 to 6 Hz, cogwheel rigidity of the extremities, bradykinesia, a typical parkinsonian 
gait, and the presence of a glabellar sign, or other features of typical parkinsonism as 


Family history of Alzheimer’s disease was considered to be present on the basis of family interview 
if at least one first-order relative (sibling or parent) had a similar dementing illness 

















score), and the remainder received a 
score greater than 1 (high score). 

Two patients showed little func- 
tional change after 3 years of follow- 
up. One had repeated psychometric 
assessment after 3 years, and showed 
a nonprogressive memory deficit. 

Lower levels of education (an indi- 
vidual-distinguishing feature) pre- 
dicted earlier decline in ADL, but the 
interpretation of this relationship is 
problematic. Lower levels of education 
were closely correlated with several 
measures of greater severity at entry, 
including lower scores on the informa- 
tion (r = .56, P < .01) and picture com- 
pletion (r = .50, P < .01) subtests of 
the Wechsler Adult Intelligence Scale. 
This suggested that more educated in- 
dividuals sought medical assistance 
earlier than those with less education, 
and that the difference in severity at 
entry may have accounted for the pre- 
dictive value of education. In accor- 
dance with this explanation, in the Cox 
model (see below), education did not 
appear as an independently significant 
PPF. 

In summary, measures of disease 
severity were the most consistent pre- 
dictors of functional decline and insti- 
tutionalization. Activities of daily liv- 
ing dependence was more reliably pre- 
dicted than incontinence. While the 
majority of patients reached func- 
tional end points within 4 years of fol- 
low-up, 2 of the patients showed little 
functional change even after long pe- 
riods of follow-up. 


Cox Model Results 


Best Predictors.—The Cox model, us- 
ing all PPFs for each end point and a 
stepwise selection algorithm, selected 
only degree of severity features as 
predictors of functional decline and 
institutionalization. Low scores on in- 
formation (P < .01) and digit symbol 
(P < .01) best predicted dependence in 
ADL. Picture completion was the sole 
predictor selected for incontinence 
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Fig 1.—Kaplan-Meier survival curves for dependence in activities of 
daily living, incontinence, and institutionalization. 


Table 5.—Relationship of PPFs to End Points * 


ADL Incontinence _ Institutionalization 





Severity features 
Clinical severity 







Information 


Picture completion 






Digit symbol 






Digits forward 






Orientation 










Logical memory 


Variable features 
Duration 







Depression 






Anxiety 






Psychosis 





Extrapyramidal 


Individual features 
Age 








Education 


Family history 







Gender 





Rate 


*PPFs indicate potential prognostic features; ADL, activities of daily living. 
Kaplan-Meier P values were generated using the log rank test. 
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Fig 2.—Prediction of dependence in activities of daily living, inconti- 
nence, and institutionalization. Kaplan-Meier survival curves illustrate 
effects of high and low scores on the digit symbol test on prognosis. 
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(P<.01) and __institutionalization 
(P < .001). By simultaneously consid- 
ering the influence of severity of intel- 
lectual impairment on prognosis, edu- 
cation showed no independent effect on 
prognosis in the Cox model. 

Alternative Predictors.—The predic- 
tors chosen for each end point were re- 
moved from the model and a new 
model tested for each end point. All 
alternative predictive features were 
also measures of severity. When infor- 
mation and digit symbol were removed 
from the model predicting dependence 
in ADL, picture completion was se- 
lected (P < .002). When picture com- 
pletion was removed from the models 
predicting incontinence and institu- 
tionalization, digit symbol was se- 
lected (P < .01). 


Clinical Rules for Prognosis 


Simple prognostic rules based on a 
brief psychometric test could be help- 
ful in clinical prediction and counsel- 
ing. We dichotomized performance on 
the digit symbol subtest, using its me- 
dian value, and considered its predic- 
tive power over a 3-year period for the 
three end points in this study. Predic- 
tive power was characterized by “sur- 
vival rate” 3 years after entry into the 
study (estimated percentage of pa- 
tients who had not reached end point). 
Digit symbol was selected because of 
the brevity of its administration 
(about 2 minutes) and its predictive 
power in our study and another study. 
Of those patients with a digit symbol 
score of 1,89% were dependent in ADL 
at 3 years follow-up, compared with 
50% of patients with digit symbol 
scores greater than 1. Of those patients 
withascore of 1,66% were incontinent 
at 3 years, compared with 41% of pa- 
tients with higher scores. Of those pa- 
tients with a score of 1, 65% were in- 
stitutionalized at 3 years, compared 
with 31% of patients with higher 
scores. 


COMMENT 


To determine prognosis in a progres- 
sive disorder such as AD, one needs to 
know two things: First, at the time of 
assessment, when prognosis is to be 
established, how far has the patient 
already progressed along the path 
from first cognitive decline to final 
vegetative state? Second, how rapidly 
is the disorder progressing? 

In this study of early- to middle- 
stage patients with AD, psychometric 
measures of severity predicted the 
time from presentation to functional 
end points, while disease features un- 
related to severity did not. Measures of 
visuoperceptual function, psychomo- 
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tor speed, and verbal fund of knowl- 
edge all had prognostic value, and were 
to some degree interchangeable. 
Whether a particular type of cognitive 
test provides significantly greater pre- 
dictive power than others remains un- 
clear. A number of published studies 
suggest that measures of language im- 
pairment are good predictors of func- 
tional decline and death**" as are 
measures of visuospatial processing?’ 
and immediate recall.** While institu- 
tionalization is influenced by many 
factors, such as caregiver health or 
survival, financial resources, and 
availability of nursing homes, this 
study replicates the finding of Heyman 
et al’ that severity of dementia is an 
important factor influencing institu- 
tionalization. 

The finding that higher education 
was associated with a longer time 
interval to dependence in ADL using 
the Kaplan-Meier method was at first 
intriguing, and differed from a previ- 
ous study.'*? When the effect of disease 
severity was taken into account using 
the Cox model, however, it was shown 
that education had no independent in- 
fluence on outcome. This suggested 
that the influence of education on prog- 
nosis was due essentially to its rela- 
tionship to severity: better educated 
patients most likely tended to come to 
the clinic earlier in the disease course 
than less well-educated patients, and 
therefore were less severely affected at 
the time of initial evaluation. 

The three functional end points em- 
ployed in this study had similar sur- 
vival curves. Dependence in ADL ap- 
peared to be most closely associated 
with PPFs that measured severity, but 
all three end points were related to at 
least one psychometric measure of in- 
tellectual impairment using the Cox 
model. Conceivably, dependence in 
ADL is less influenced by such factors 
as quality of caretaking and medical 
care than incontinence or institution- 
alization. The 5-year cumulative insti- 
tutionalization rate of 75% was simi- 
lar to the 5-year rate of 63% reported 
by Heyman and colleagues’ and the 
rate of 73% reported by Berg and 
colleagues‘ for outpatients with AD. 

Neither age nor gender influenced 
prognosis in this study. These findings 
have been reported in other prognostic 
studies using life-table methods. Age 
and gender were significant predictors 
of institutionalization in the study of 
Heyman et al.’ Their sample, however, 
included more severely affected pa- 
tients. Gender, but not age, was a sig- 
nificant predictor of mortality in a 
study by Berg et al.° That study dif- 
fered from our sample in significant 


ways: subjects were more mildly de- 
mented; and subjects younger than 63 
years, or having depressive or extrapy- 
ramidal symptoms, were excluded. 

Is the conclusion that severity-re- 
lated PPFs predict outcome in AD 
merely a tautologic observation, and 
an obvious one at that? While this re- 
lationship appears self-evident once 
stated, it is interesting that it has not 
always been recognized as a determi- 
nant of “subtypes.”* Nor does every 
severity-related PPF predict outcome 
in AD. Historical duration of demen- 
tia, for example, which logically ap- 
pears to be an ideal PPF, fails to pre- 
dict outcome; so too does digit span 
forward, a common mental status 
measure. Whether these PPFs fail to 
predict outcome because of unreliabil- 
ity of the measures, variations in time 
of occurrence during the course of the 
disease, or some other factor, is un- 
clear. 

The fact that PPFs are often mea- 
sures of disease severity raises impor- 
tant questions about the interpreta- 
tion of many of the previous studies of 
prognosis in AD. A number of authors 
have suggested that certain clinical 
features occurring in AD predict a 
more rapid rate of decline, and conse- 
quently indicate that cases with these 
manifestations represent clinical sub- 
types of AD. In many cases, however, 
the features selected as distinguishing 
subtypes were also markers of sever- 
ity. Mayeux et al' and Stern et al 
identified extrapyramidal signs and 
myoclonus as features that predict 
more rapid decline in AD. In both 
studies, however, the patients with ex- 
trapyramidal signs and myoclonus 
were significantly more impaired at 
entry on tests of cognitive functions. 
Similarly, Knesevich et al’! con- 
cluded that AD patients with aphasia 
or anomia at initial assessment expe- 
rienced a more rapid disease course. 
Again, the aphasic Alzheimer patients 
performed more poorly on nonverbal 
as well as verbal tests of intellectual 
function, although they were consid- 
ered to have equivalent global severity 
scores. The prevalence of aphasia in 
AD ordinarily shows an increase with 
increasing global disease severity.” 
Electroencephalographic abnormali- 
ties have also been reported to be 
associated with worse prognosis by 
some investigators,’ although not by 
Berg et al.’ Electroencephalographic 
abnormalities, although highly vari- 
able, are frequently seen in late stages 
of AD, and thus are also possible cor- 
relates of disease severity. 

Based on our findings, and a review 
of the literature, we believe that to 
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justify the claim that any clinical fea- 
ture of AD predicts a different rate of 
decline would require clear evidence 
that the severity of AD has been ade- 
quately taken into account. 

If clinical features independent of 
severity can reliably predict status at 
follow-up, the explanation for such 
prognostic differences would have to 
be a difference in the rate of disease 
progression. Yet, evidence relating se- 
verity-independent features to out- 
come has been conflicting, although 
varying sample characteristics and 
end points complicate interpretation. 
For example, more advanced age has 
been reported to be associated with a 
more rapid course in a group of early- 
onset patients’; but we and others did 
not confirm this result in samples in- 
cluding older patients.°* Younger age 
at onset was reported to be associated 
with more rapid decline by Heston et 
al,’ while the opposite conclusion was 
reached by Huff et al.” Early onset was 
not associated with either a more rapid 
or slower course in the study by Berg 
et al‘ or in this study. Males tended to 
have a longer (slower) disease course 
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in the sample studied by Heston et al,’ 
while others report that males had a 
more rapid decline.*? These varying 
reports reflect the inconsistency with 
which severity-independent features 
have predicted prognosis. 

Both a slowly and a rapidly progres- 
sive form of AD have been reported by 
several investigators. Mayeux et al! 
reported that 7 of 50 patients with AD 
showed little or no progression at fol- 
low-up. Two subjects in this study 
showed little progression after 3 years. 
Botwinick et al** reported that there 
were 5 of 42 subjects with mild AD 
whose dementia remained mild after 4 
years of follow-up. These findings sug- 
gest that while the majority of pa- 
tients with AD progress relatively 
steadily after initial assessment, some 
do show a variation in the rate of pro- 
gression. Whether differences in the 
rate of progression represent random 
variations or specific differences in ei- 
ther the disease process or the host 
vulnerability remains uncertain at 
present. 

This study, and a re-analysis of the 
literature, indicate that measures of 
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Electrophysiologic Comparisons Between Two 
Groups of Patients With Alzheimer’s Disease 
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è Two groups of patients with Alzhei- 
mer’s disease were compared using brain 
electrical activity mapping. The patients 
were selected on the basis of their cogni- 
tive history. The initial symptom of disease 
of the patients in group 1 was a significant 
and profound memory deficit, whereas the 
patients in group 2 initially presented with 
a gradually progressive spatial impair- 
ment. Fourteen topographic features dis- 
tinguished the groups. Eleven of the 14 
features pertained to electrical activity 
differences in parietal regions, and 9 were 
bilateral. These features were highly cor- 
related with cognitive measures that are 
also useful in distinguishing the groups. 

(Arch Neurol. 1990;47:857-863) 


There is an increasing body of evi- 

dence to suggest that patients with 
a diagnosis of dementia of the Alzhei- 
mer type (AD) have differential pat- 
terns of impaired and preserved cog- 
nitive abilities. This heterogeneity in 
cognitive profile among patients with 
AD has been used as evidence for the 
existence of clinical subtypes of dis- 
ease. 

A review of recent articles pertain- 
ing to this subject reveals a surprising 
degree of concordance among investi- 
gators. The majority of patients with 
AD have a severe impairment of learn- 
ing and memory compared with other 
domains.'? This is often accompanied 
by deficits in language function*> and 
visuospatial ability.*’ These cognitive 
impairments often evolve in the fore- 
going order and are in striking con- 
trast to the patient’s preservation of 
social competence.’ 

A cluster analysis by Martin et al? 
showed that of 42 patients with a 
diagnosis of AD, 25 fit the clinical pic- 
ture described above. These patients 
had an overall reduction in cortical 
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glucose utilization (demonstrated by 
positron emission tomography [PET]), 
compared with controls, that was 
maximal in posterior temporal and 
parietal regions and was relatively 
symmetrical and bilateral. Other 
PET studies have reported similar 
findings.'*'! Computerized measures of 
temporal lobe regions on computed to- 
mographic scans are also useful in dis- 
tinguishing such patients with AD 
from controls.” 

Two other types of patients have, 
however, been repeatedly described in 
the literature. In one, the initial pre- 
sentation of disease consists of a se- 
vere but gradual impairment of lan- 
guage ability, such as word finding and 
comprehension deficits, accompanied 
by a memory disorder.'*!> The primacy 
of the language deficit is suggested by 
the finding of an asymmetrical (left 
hemisphere) temporoparietal reduc- 
tion in glucose utilization on PET 
scans in patients with this presenta- 
tion.” Some of these patients have 
been found to have either Pick’s 
disease”? or diffuse cerebral atrophy 
with no specific changes of either AD 
or Pick’s disease.'* However, at least 
one such patient with this cognitive 
profile has had AD confirmed on 
autopsy.” 

The second type of patient displays a 
gradually progressive and disabling 
impairment in visuospatial function, 
accompanied by a memory dis- 
order. Asymmetrical right-hemi- 
sphere temporoparietal reductions in 
glucose utilization on PET scans have 
been reported for patients with these 
disproportionately severe construc- 
tional deficits..° Autopsy or biopsy 
confirmation of AD in two such pa- 
tients has been reported.” No reports 
to date have suggested that patients 
with this cognitive profile have degen- 
erative diseases other than AD. 

The existence of cognitive subtypes 
among patients with Alzheimer’s dis- 
ease is of great potential importance. 
Relatively focal presentations of dis- 
ease may highlight important etiologic 
factors. They may also have implica- 
tions for diagnosis and treatment. It is 
therefore important to examine these 


patients in greater detail and, if possi- 
ble, to develop diagnostic procedures 
for identifying them more easily. To- 
ward that end, the present study was 
undertaken. 

Two groups of patients with AD 
were selected, one with the “typical” 
presentation of AD and one with 
the “spatial” presentation described 
above. The patients were not identified 
by cluster analysis, but rather by the 
nature of their cognitive history and 
their cognitive test scores, as described 
below. Brain electrical activity map- 
ping procedures were then applied”? 
and related to cognitive performance. 
To be sure that differences between the 
groups were not confounded by second- 
ary characteristics such as severity of 
illness or age, the patients were 
equated according to age and overall 
level of cognitive ability. Since pa- 
tients with a spatial presentation are 
relatively rare, it was necessary to 
first gather a group of such patients 
and then find a group of typical pa- 
tients who were similar in age and 
overall level of impairment. 


PATIENTS AND METHODS 
Patients 


Two groups of patients with AD partici- 
pated in the study. Group 1 consisted of nine 
patients (two men and seven women) and 
group 2 consisted of seven patients (three 
men and four women). The subjects in 
group 1 ranged in age from 53 to 68 years, 
with a mean of 61 +5 years. Group 2 
patients ranged in age from 53 to 63 years, 
with a mean of 57 + 3 years. There was no 
significant difference between the ages of 
the groups (t(14) = —1.48; P = .16). 

The diagnosis of AD employed National 
Institute of Neurological Disorders and 
Stroke/Alzheimer’s Disease and Related 
Disorders Association criteria* and was 
based on the judgment of a neurologist, 
psychiatrist, and neuropsychologist. Pa- 
tients with medical conditions known to 
produce dementia were excluded. A large 
number of laboratory tests (eg, computed 
tomography, SMA-20 analysis, and mea- 
surement of total thyroxine and folate lev- 
els) were conducted to rule out various hy- 
drocephalic, metabolic, neoplastic, infec- 
tious, and traumatic causes for dementia. 
Patients with a record of severe head 
trauma, alcoholism, serious psychiatric ill- 
ness, learning disabilities, epilepsy, lung 
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Fig 1.—A comparison of a drawing by a patient 
in group 2 (top) with a drawing by a patient in 
group 1 (bottom). Each patient was asked to 
copy Fig 2 from the Wechsler Memory Scale. 


disease, kidney disease, or cancer were ex- 
cluded. All patients received an ischemic 
score of 4 or less on Hachinski’s scale to es- 
timate the likelihood of multi-infarct 
dementia.* Informed consent was obtained 
after the nature of the procedures had been 
fully explained. 

The degree of cognitive impairment in 
the patients was operationally defined on 
the basis of their performance on the Mat- 
tis Dementia Rating Scale (DRS).* The 
mean scores of group 1 and group 2 were 
129 and 110, respectively. They did not 
differ significantly from one another 
(t(14) = —1.64; P = .12). All but two of the 
subjects received a score of 114 or greater 
on the DRS, indicating that, as a group, 
they were primarily mildly impaired. 

Although both groups of patients were 
similar in terms of overall level of impair- 
ment and met the criteria for AD, the na- 
ture of their cognitive deficits differed. The 
primary symptom of the patients in group 
1 was a significant and profound memory 
deficit. For each patient in group 1, family 
members reported that the initial symptom 
of disease was a gradually progressive 
memory impairment: the patients were re- 
ported to repeat themselves with great fre- 
quency (eg, by asking the same question or 
telling the same story over and over), and 
completely forgot substantive events with 
some frequency (eg, meeting friends or 
making appointments). This was reflected 
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by the fact the seven of the nine subjects 
received a score of 20 or less on the memory 
subtest of the DRS. This subtest, which has 
a maximum score of 25, contains relatively 
easy memory tasks (ie, forced choice recog- 
nition of a five-word list, forced choice rec- 
ognition of four nonsense figures, recall of 
two short sentences, and questions relating 
to orientation, such as the day, the date, the 
city, and the hospital). Although patients in 
group 1 had some evidence of spatial diffi- 
culty, these problems were relatively min- 
imal. This was reflected by the fact that 7 of 
9 patients received a score of 6, a perfect 
score, on the construction subtest of the 
DRS, and no patient received a score be- 
low 4. 

To provide a numeric value that would 
reflect the sparing of spatial function rela- 
tive to memory ability among the patients 
in group 1, a ratio was created in which the 
memory subtest score of the DRS was 
divided by the score on the construction 
subtest. This ratio, called the Spatial Ratio, 
was =>.20 for each of the subjects in 
group 1. 

The patients in group 2 differed signifi- 
cantly from those in group 1. For each pa- 
tient in this group, family members re- 
ported that the earliest and most striking 
symptom of disease was a profound visuo- 
spatial impairment: the patients had evi- 
dence of spatial problems while driving, 
playing sports, or playing a musical instru- 
ment. Some patients had trouble with depth 
perception such that they had difficulty 
reaching for objects or walking down stairs. 
These spatial deficits were reflected by the 
fact that all but two of the patients received 
a score of 3 or less on the construction 
subtest of the DRS. While the patients in 
group 2 showed declines in memory perfor- 
mance relative to their premorbid level, six 
of the seven subjects received a score of 20 
or greater on the memory subtest of the 
DRS. The ratio of the construction subtest 
to the memory subtest on the DRS (the 
Spatial Ratio) was therefore <.19 for all 
but one of the subjects in group 2. Figure 1 
contrasts the drawings of a patient in group 
1 and a patient in group 2, to illustrate the 
striking difference in visuospatial ability 
between the patients. 


Neurophysiologic Testing 


The neurophysiologic data were obtained 
and analyzed in the brain electrical activity 
mapping laboratory of Children’s Hospital, 
Boston, Mass. Electroencephalographic 
(EEG) data were gathered during 10 dif- 
ferent behavioral states. These included the 
following: resting with eyes open (EOP), 
resting with eyes closed (ECL), listening to 
speech (SPE) and music (MUS), memoriz- 
ing (KFI) and being tested on recall (KFT) 
of geometric shapes, silent reading (RTI) 
and recalling (RTT) the text of paragraphs, 
and forming (PAI) and being tested on 
(PAT) sound-symbol associations. The ac- 
tivating paradigms, ie, those paradigms 
other than eyes open and eyes closed are 
described in greater detail in previous 
reports.” 

Evoked potentials (EPs) were derived 
during two states: flash visual EPs and 


tone-pip auditory EPs. The P300 paradigm?’ 
was not examined in the present study since 
it requires subjects to remember instruc- 
tions and attend to a task over a relatively 
long period. Previous studies have sug- 
gested that the fact that patients with AD 
tend to forget instructions and thus let 
their attention wander may artificially al- 
ter (diminish) P300 amplitudes.” 

Considerable care was taken to minimize 
artifact due to eye movement, eye blink, 
muscle tension, mouth and tongue move- 
ment, and gross body or head movement. 
For example, fixation targets were provided 
and “blink holidays” were permitted. Dur- 
ing presentation of materials, examiners 
noted and took steps to minimize or remove 
such artifact (eg, eye blinks and jaw and 
tongue motion). Details of these procedures 
have been previously described.” 


Electrophysiologic Data Analysis 


Data were obtained from 20 scalp elec- 
trodes and 8 other electrodes strategically 
placed to monitor vertical and horizontal 
eye movements and muscle tension result- 
ing from face, jaw, or scalp musculature, all 
referenced to linked ears. Sampling rates 
were 256 per second per channel and data 
were bandpass filtered from 0.5 to 50 Hz. In 
this manner, contamination of the EEG 
spectral frequencies due to undersampling 
of higher frequency noise (“aliasing”) was 
avoided. The EKG data were gathered in 2- 
second segments, which were inspected off- 
line, and those containing artifact were 
eliminated from subsequent analyses. A 
minimum of 1 minute (30 segments) of ar- 
tifact-free EEG was used to form the final 
mean spectrum for each subject. The EP 
segments containing eye blink or motion 
artifact were eliminated on the basis of in- 
dividually adjustable over-voltage criteria. 
A minimum of 200 segments and a maxi- 
mum of 500 segments were used to form the 
final averaged EP. 

Visual stimuli (consisting of high-inten- 
sity stroboscopic flashes) were delivered 
from a sound-dampened Grass Model PS-2 
photostimulator (Model PS-2, Grass, Quin- 
cy, Mass), set at intensity 8, placed 25 cm 
from the subject’s closed eyes. At such su- 
permaximal intensities, dilatation is not 
necessary and was not used.” A white-noise 
generator masked residual clicks. Stimuli 
were delivered on a pseudorandom basis. 
The mean interstimulus interval was 2.3 
seconds (range, 1.79 to 2.82 seconds). Audi- 
tory stimuli were delivered through binau- 
ral earphones at 92 dB sound pressure level. 
The clicks consisted of 50-millisecond tone 
pips at 960 Hz with 10-millisecond rise and 
fall times. The delivery schedule was the 
same for the visual stimulation. The EEG 
was carefully monitored for artifact and 
drowsiness during EP presentation. 

Off-line data processing was performed 
on a computer PDP 11/60, (Digital Equip- 
ment Corp, Maynard, Mass) using the 
SIGSYS biomedical software package 
(Nicolet, Madison, Wis), which employed 
spectral analysis for the EEG states and 
signal averaging for the EP states. The end 
products for each state were 28 spectra and 
28 EPs from each electrode. Details of this 
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procedure have been previously described.” 

Sets of 20 spectra or EPs, corresponding 
to the 20 scalp electrodes, were then topo- 
graphically transformed into a correspond- 
ing series of brain electrical activity maps.” 
Data reduction was achieved by banding 
the EEG spectra in 4-Hz-wide spectral 
ranges. Seven EEG bands, from 0.5 to 32 Hz, 
were visualized, beginning with delta (0.5 to 
3.5 Hz) and sequentially passing through 
theta (4 to 7.5 Hz), alpha (8 to 11.5 Hz), be- 
ta-1 (12 to 15.5 Hz), beta-2 (16 to 19.5 Hz), 
beta-3 (20 to 23.5 Hz), and beta-4 (24 to 27.5 
Hz). For EP data, each image represented 
the topographic distribution of actual EP 
voltage during a single 4-millisecond period 
following stimulation. The EP data were 
initially reduced by banding in eleven 40- 
millisecond-wide segments from 50 to 490 
milliseconds. If a given 40-millisecond EP 
band subsequently demonstrated signifi- 
cant between-group difference, the 40-mil- 
lisecond band was moved forward or back- 
ward in time in steps of 4 milliseconds to 
maximize the group difference. However, 
adjacent bands were not allowed to overlap 
in time. (The 40-millisecond band length 
was chosen because EP factors derived by 
principal-components analysis seldom in- 
volve periods less than 50 to 75 milliseconds 
and often involve longer periods.) Thus, 
maps represented the EEG spectral energy 
in a given 4-Hz band or the EP amplitude in 
a 40-millisecond-wide latency range for the 
20 scalp electrodes. 

Data analysis involved a number of steps. 
First, significance probability maps (SPMs) 
were constructed that allowed topographic 
mapping of Student’s t statistic. This sta- 
tistic was used to reveal regions of separa- 
tion between the groups. The t-SPMs main- 
tained the relative spectral and spatial po- 
sition of the original data.” 

When any t-SPM demonstrated a be- 
tween-group ¢ value above a predetermined 
criterion level (t = 2.10; P < .05), the im- 
plicated area was designated as a “region of 
interest” (ROI). For each ROI the t values 
for the adjacent artifact channels were ex- 
amined. If the adjacent artifact channels 
had t values above the same criterion value, 
the ROI was eliminated from further con- 
sideration on the assumption that it was 
potentially contaminated by group-specific 
artifact. To further protect against contam- 
ination by group-specific muscle artifact, 
any group difference that increased with 
increasing frequency and involved the 28- 
to 32-Hz beta range (where muscle activity 
is dominant) was considered to be artifac- 
tual. To facilitate recognition of this poten- 
tial trend, the high end of the bandpass 
filter was set at 50 Hz rather than at a lower 
frequency. Artifact-free ROIs were used as 
templates or masks to derive numerical 
values, or features, for each subject. This 
procedure involved summing the raw data 
matrix values underlying the group com- 
parison-derived template to produce a sin- 
gle numerical score or feature for each sub- 
ject that corresponded to the ROI. This 
process was detailed by Duffy et al.* 

Once features were generated, a Mann- 
Whitney U test was performed to compare 
feature values between groups. All artifact- 
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Table 1.—Maximal t Value of Significance Probability Maps Comparing Group 1 and 


Group 2 on Electroencephalography (EEG) 





EEG Spectral 


Paradigm Feature Location Frequency Band t 

1. EOP Bilateral parietal Beta-2 2.60 
2. ‘ECL Bilateral parietal / central Beta-1 2.87 
3. MUS Bilateral parietal Beta-2 2.64 
5. PAI Midparietal / occipital Beta-2 3.36 
6. KFT Left parietal Beta-2 3.18 
7. RTI Right parietal /left occipital Beta-1 2.73 
8. RTI Midparietal Beta-2 2.83 


* EOP indicates eyes open; ECL, resting with eyes closed; MUS, listening to music; PAI, forming sound-sym- 
bol associations; KFT, recall of geometric shapes; and RTI, silent reading. 





free features significant at P=.02 or 
greater were considered significant mea- 
sures of group separation. 

A discriminant function analysis was 
then used to determine which features, in 
combination, were best at distinguishing 
between the groups. The success in discrim- 
ination was evaluated by means of the y? 
statistic. 

A principal-components analysis was 
also conducted to assess the dimensionality 
of the EEG- and EP-derived features” and 
estimate the potential for type I error. 
Since EEG and EP data are conceptually 
different, a separate analysis was per- 
formed for the EEG and EP values. 


RESULTS 


The t-SPM comparison between 
group 1 and group 2 showed 14 ROIs 
with a sizable between-group differ- 
ence, ie, ROIs that exceeded the crite- 
rion value of t = 2.10. The results of 
these analyses are displayed in the 
Tables, which show the maximal t 
value in each of the SPMs. 

The ROIs were then used as tem- 
plates for the development of features, 
in the manner previously described. 
The 14 operationally independent fea- 
tures generated in this fashion were 
summed to yield group values that 
were then subjected to a Mann-Whit- 
ney U test. All 14 were significantly 
different between group 1 and group 2 
at P = .02 or better. Eight were de- 
rived from EKG data and six from EP 
data (Tables 1 and 2). 


Table 2.—Maximal t Values of Significance Probability Maps Comparing Group 1 and 
Group 2 on Evoked Potentials (EPs) 


Paradigm Feature Location Range, ms t 
9. VER Left frontal 188-228 2.67 
10. VER Left temporal 328-368 2.60 
11. VER Midparietal / bilateral temporal 268-308 3.51 
12. AER Right posterior temporal 168-208 2.89 
13. AER Midparietal / right temporal 376-416 2.70 
14. AER Midparietal / occipital 416-456 2.39 











EP Latency 











* VER indicates visual evoked response; and AER, auditory evoked response. 


All of the significant EEG features 
pertained to beta-1 and beta-2 activity. 
An examination of the feature values 
showed that, in all cases, beta activity 
was decreased among the subjects in 
group 2 compared with group 1. For all 
eight EEG ROIs used to develop fea- 
tures, differences between the groups 
were maximal in the parietal area. 
Examples of these differences are 
shown in Figs 2 and 3. Figure 2 shows 
representative samples of raw EEG 
activity from the left (P;) and right 
(P,) parietal regions of each subject 
during the PAI (forming sound-sym- 
bol associations) activation paradigm. 
Figure 3 (top) shows the respective 
group grand means of the spectral 
analyses of these segments for group 1 
and group 2. Significant group differ- 
ences were limited to the 12- to 20-Hz 
beta range (Fig 3, solid arrow and 
black bar), with beta activity reduced 
among the subjects in group 2. There 
were no significant differences in the 
28- to 32-Hz range (Fig 3, open arrows), 
where muscle artifact would have a 
greater effect. An examination of Fig 2 
suggests that while some muscle and 
means artifact is present in the data 
(and is emphasized by the vertical and 
horizontal scaling of the EEG seg- 
ments, which are approximately twice 
those used for standard EEG), system- 
atic group differences are not, appar- 
ent. Nevertheless, such artifact was. 
isolated by the spectral analysis and 
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removed from subsequent analyses. 

Figure 4 represents one of the eight 
significant EEG features. In six of the 
eight, the differences were bilateral. 
Since the EEG ROIs from both the ac- 
tivation paradigms and the eyes-open 
and eyes-closed states were similar, it 
is likely that these data represent a 
baseline reduction in beta activity that 
is independent of task parameters. 
This is consistent with the fact that 
only one factor emerged from the prin- 
cipal-components analysis of the 
EEG-derived features. Factor load- 
ings for the features varied between 
.86 and .96. 

Three of the six EP ROIs also 
showed maximal group differences in 
the parietal regions bilaterally. The 
corresponding group grand mean 
VERs are shown in Fig 3 (bottom), 
where significant differences between 
the groups are indicated by black bars. 
Figure 5 is an example of one of the six 
significant ROIs derived from EP data. 
Three of the ROIs involved parietal 
regions (eg, Fig 5), two primarily in- 
volved temporal regions, and one in- 
volved frontal. 

Since it is not possible to define a 
priori the neurophysiologic meaning of 
EP data produced by flashes or tones at 
the delay intervals represented by the 
significant features (ie, from 168 to 456 
milliseconds), an additional series of 
analyses was performed. These analy- 
ses were based on data from a group of 
26 age-matched controls included in a 
previously published study on normal 
aging.” This study had used the same 
test paradigms and recording proce- 
dures described here. Thus, it was pos- 
sible to apply the 14 ROI templates de- 
rived from the present study to the raw 
data collected previously on the con- 
trols in order to produce a numeric 
score for each of the regions for each 
control subject. The mean feature val- 
ues for the group of controls could then 
be compared with the means of each of 


- the patient groups. An examination of 


these values indicated that, in all 
cases, the amplitude of the EP was 
closer to 0 microvolts in group 2 than 
in either group 1 or the control group. 
This reduction in amplitude for group 
2 occurred whether the direction of the 
EP was negative or positive (eg, Fig 3, 
bottom, black bars). The appearance of 
a generalized decrease in amplitude 
for group 2 relative to group 1 is con- 
sistent with the fact that the EP data 
yielded only one factor, with factor 
loadings that varied from .79 to .88. 
The 14 features were then submitted 
to a stepwise discriminant function 
analysis, with the maximum number 
of steps limited to three. The three 
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Fig 2.—Examples of 1.25-second raw electroencephalographic (EEG) data from the P, and P, 
electrodes during the PAI (forming sound-symbol associations) activation paradigm for each sub- 
ject. The vertical and horizontal scaling are approximately twice those used for standard EEG in 
order to emphasize the muscle and means artifact. Although group-specific artifact did not appear 
to be present, these high-frequency contaminants were removed from analysis by filtering and 
limiting spectral analysis to frequencies below 32 Hz. Numbers to left of each pair are patient 


numbers. 


feature variables that were selected 
were VER 268, auditory evoked re- 
sponse (AER) 168, and RTI B2, respec- 
tively. The three variables correctly 
classified 87.50% of the subjects; one 
subject from each group was misclas- 


sified (x?(2) = 12.653; P < .0002.) 
Correlational analyses were then 
performed to assess the relationship 
between the topographic feature val- 
ues for each subject and their cognitive 
performance on the DRS. To reduce 
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Fig 3.—Group grand means are shown for both the electroencephalographic spectra in the PAI (forming sound-symbol as- 
sociations) activation paradigm (top) and the visual evoked response (VER) (bottom), from the left (P;) and right (©) parietal 
regions. The solid arrows indicate the frequency range where group differences were significant (12 to 20 Hz). The open ar- 
rows point to the 28- to 32-Hz band where no group difference was found. The bars indicate the latency ranges that showed 
significant group differences (188 to 228 milliseconds and 268 to 308 milliseconds). EP indicates evoked potential. 


the likelihood of finding a significant 
correlation where none exists, the 
number of correlations performed was 
limited to those pertaining to the most 
discriminating features, ie, the ones 
that entered into the discriminant 
function analysis. The first feature, 
VER 268, was significantly correlated 
with performance on the construc- 
tional subtest of the DRS (r = —.51; 
P=.02) and the Spatial Ratio 
(r= —.50; P < .02). The direction of 
the correlation reflected the fact that 
the mean of VER 268 for the controls 
was —3.95, vs —3.59 for group 1 and 
—1.27 for group 2. Thus, the more pos- 
itive the VER was, the more abnormal 
it was, producing an inverse relation- 
ship with the cognitive test scores. The 
second feature, AER 168, also corre- 
lated with performance on the con- 
structional subtest of the DRS; how- 
ever, this correlation was positive 
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(r = .54; P < .02). The direction of the 
correlation reflected the fact that the 
mean of AER 168 for the controls was 
1.22, vs 1.32 for group 1 and —0.07 for 
group 2. Thus, the more negative the 
AER was, the more abnormal it was, 
producing a positive correlation with 
the cognitive test scores. Feature AER 
168 also correlated with the total DRS 
score ( r = .61; P < .006) and with the 
attention and initiation subtests of the 
DRS (r = .62 and P < .006, and r = .61 
and P < .006, respectively), but not 
with the ratio of the construction 
subtest to the memory subtest, ie, the 
Spatial Ratio. Thus, increasing nega- 
tivity in AER 168 related not only to 
poorer spatial performance but to gen- 
erally poorer performance overall, 
perhaps resulting from declines in at- 
tention and initiation. Like feature 
VER 268, feature RTI B2 correlated 
with the Spatial Ratio (r=.54; 


P < .02) derived from the DRS scores. 
The correlation was positive, indicat- 
ing that the more that beta activity 
was reduced, the lower the Spatial Ra- 
tio was. However, there was a negative 
correlation between performance on 
the memory subtest of the DRS and 
the numeric value of RTI B2 (r = —.54; 
P= .02), suggesting that subjects 
with better memory performance were 
likely to have less beta activity in the 
region of the feature. 

The results of the correlations sug- 
gested the potential value of the Spa- 
tial Ratio for discriminating between 
the subjects in group 1 and group 2. 
Therefore, a discriminant function 
analysis was performed to determine 
whether this variable could distin- 
guish the patients in group 1 from 
those in group 2. The results showed 
that all but two of the subjects were 
correctly classified (87.50%) by this 
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Fig 4.—An example of a region of interest obtained by comparing elec- 
troencephalographic data between group 1 and group 2. This region re- 
flects a difference in the beta-2 range while the subjects were silently 
reading a paragraph (RTI). Display conventions show the nose above, 


left ear to the left, occiput below, and right ear to the right. 


variable (x?(2) = 15.28, P < .0001), one 
subject from each group. 


COMMENT 


These results indicate that patients 
with AD who present with a history of 
a progressive and dramatic decline in 
spatial ability differ electrophysiolog- 
ically from patients with AD whose 
disease begins with a gradual memory 
impairment. Furthermore, there was 
substantial uniformity in the topo- 
graphic location of the regions that 
distinguished the groups. Eleven of the 
14 significant EEG and EP regions 
pertained to parietal areas and 9 of the 
11 were bilateral. Since both EEG and 
late-latency EP data tend to reflect ac- 
tivity directly under an electrode, it is 
likely that the primary electrophysio- 
logic differences between the “spatial” 
and the “ typical” patients are bipari- 
etal. 

In general, the EEG regions demon- 
strated less beta activity in the spatial 
patients, regardless of the activation 
paradigm. The likelihood that the 
spectral findings are artifactual seems 
remote. Electrodes were specially 
placed over potential sources of arti- 
fact (ie, frontal, temporal, and occipi- 
tal muscles) and no significant group 
effects were seen in those electrodes 
for beta, thereby ruling out these sites 
as sources of contamination. In addi- 
tion, group differences of beta were 
limited to the 12- to 20-Hz range. No 
group differences were demonstrable 
in the 28- to 32-Hz band, where group- 
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specific difference in muscle would 
have a greater impact. Moreover, the 
biparietal region is seldom involved 
when artifactual beta sources are ac- 
tive. Reductions in amplitude were 
also evident for all of the EP regions. 
This suggests that biparietal reduc- 
tions in amplitude characterize the 
patients with a spatial presentation of 
disease. 

This conclusion is consistent with 
the results of the principal-compo- 
nents analysis. Although the feature 
generation procedure described here 
tends to produce many variables, the 
principal-components analysis indi- 
cated that the dimensionality of the 
data was much lower than the total 
number of variables, and, in the 
present study, reflected two general 
trends within the data. The fact that 
the underlying data dimensionality 
was much less than the number of 
variables used also reduces the likeli- 
hood of chance positive findings (ie, 
type I error).*° 

These findings are in basic agree- 
ment with the results of PET studies 
that have shown that patients with 
relatively focal visuospatial impair- 
ments have focal-like patterns of cere- 
bral hypometabolism.’'® However, 
those studies found right unilateral 
declines in temporal and parietal re- 
gions, whereas we found bilateral dif- 
ferences. Several differences between 
the studies may be responsible for the 
variability in outcome. First, the cri- 
teria for subject selection were not 


Fig 5.—An example of a region of interest obtained by comparing 
evoked potential data between group 1 and group 2. This region reflects 
a difference in the visual evoked potential in the 268- to 308-millisecond 
poststimulus latency range. 


equivalent. The spatially impaired 
subjects in both studies had to meet 
the criteria that their spatial skills 
were severely impaired relative to 
other cognitive domains. However, in 
our study, there was the additional re- 
quirement that spatial deficits were 
the primary presenting symptom of 
the patient. It is our experience that 
patients who meet both of these crite- 
ria are extremely rare and it is there- 
fore likely that their neurophysiologic 
pattern of dysfunction would differ 
from that of patients who meet only 
one of these criteria. Second, the pri- 
mary comparison in the present study 
was between two groups of patients, 
whereas in the PET studies, a patient 
group was being compared with con- 
trols. A previous study using brain 
electrical activity mapping found that 
a variety of topographic regions dis- 
tinguish patients with AD from con- 
trols in the age range studied here.” 
They include features that are maxi- 
mal in both temporal regions and pa- 
rietal regions, both unilaterally and 
bilaterally. Since the purpose of fea- 
ture development by topographic map- 
ping is to find regions that maximally 
distinguish the groups being com- 
pared, it is not surprising that the lo- 
cation of the features that distinguish 
two patient groups is dissimilar from 
the features that distinguish patients 
and controls. This may also explain the 
difference between the location of the 
features in the present study and the 
previously reported PET data. 
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The behavioral relevance of the 
present findings is reflected by the 
highly significant and selective corre- 
lations between the neurophysiologic 
feature values and the patients’ cogni- 
tive test scores. The scores that repre- 
sented either the absolute spatial abil- 
ity of the patients or the relationship 
of memory performance to spatial 
function in the patients (the Spatial 
Ratio) correlated most consistently 
with the feature values that best dis- 
tinguished the groups. The strength of 
this finding was especially surprising, 
given the rudimentary nature of the 
cognitive measures (ie, subtests of the 
DRS) and the small number of subjects 
in the study. This suggests that the 
cognitive measures, particularly the 
Spatial Ratio, may be a useful guide 
for categorizing patients with AD on 
the basis of their cognitive profiles. 

It is also important to comment on 
the age range of the patients in the 
present study. The age range of the 
subjects was essentially determined by 
the age of the spatially impaired pa- 
tients, since they were selected first 
and the other groups (the “typical” 
patients and the controls) were 
matched to them in terms of age. It is, 
therefore, quite striking that the spa- 
tially impaired patients ranged in age 
from 53 to 68 years; that is, none of 
them developed disease in the senile 
age range. This finding is all the more 
impressive if one considers that the 
prevalence of AD increases dramati- 
cally with age and, thus, most patients 
with AD develop disease after age 65 
years. It is therefore likely that the 
extremely young age of the spatially 
impaired patients is significant. 

In this regard, it should be noted 
that numerous neuropathologic and 
neurochemical differences have re- 
cently been reported between early- 
and late-onset cases of AD. There are 
differences between older and younger 
patients with AD in loss of cells in the 
nucleus basalis,” neurofibrillary tan- 
gle concentration in the hippocamp- 
us,* and choline acetyltransferase 
declines.” Bondareff® has, in fact, pro- 
posed two subtypes of AD on the basis 
of these neuropathologic data (type 
AD-1 and type AD-2). It is interesting 
that one of the characteristics that 
Bondareff attributes to the AD-2 type 
is more extensive parietal lobe involve- 
ment. 

The small number of subjects in the 
present study should also be noted. 
This was necessitated by the strict in- 
clusionary and exclusionary criteria 
employed. While the small number 
limits the universal applicability of 
the neurophysiologic and behavioral 
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discriminant functions, it should not 
detract from the fact that large be- 
tween-group effects were found that 
were highly statistically significant. 

Taken together, the present findings 
indicate that patients who meet the 
clinical criteria for AD may present 
with differential cognitive profiles that 
are reflected in differing patterns of 
brain electrical activity. Our limited 
knowledge of etiology suggests that 
careful evaluation of such subgroups 
may advance our knowledge of causal 
factors. 
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Induction of Alzheimer Antigens by an Uncoupler 
of Oxidative Phosphorylation 


John P. Blass, MD, PhD; Andrea C. Baker; Li-wen Ko, BVM, PhD; Ronald S. Black, MD 


@ Since previous studies have sug- 
gested that the coupling of oxidation to 
phosphorylation is impaired in Alzheimer 
brain and fibroblasts, the effects of car- 
bonyl cyanide m-chlorophenylihydrazone, 
a hydrazone known to uncouple mitochon- 
drial oxidative phosphorylation, were 
tested on the development of immunore- 
activity with antibodies to “Alzheimer an- 
tigens”’ in cultured fibroblasts from cogni- 
tively intact subjects. The fibroblasts were 
exposed for 10 to 14 days to a medium 
(DMd) modeled on media that favor neu- 
ronal differentiation in fetal brain cultures. 
The addition of a 10-um concentration of 
carbonyl cyanide m-chliorophenylhydrazone 
to the DMd culture medium increased by 
more than 10-fold the proportion of cells re- 
acting immunocytochemically with antibod- 
ies to paired helical filaments and by 157- 
fold the proportion of cells reacting with the 
Aiz-50 monoclonal antibody. These obser- 
vations suggest that the oxidative abnormal- 
ities previously described in tissues from 
patients with Alzheimer’s disease may con- 
tribute to the accumulation of abnormal cy- 
toskeletal materials in this disorder. 

(Arch Neurol. 1990;47:864-869) 


Relatively little is known of the 

pathophysiological chain of events 
that leads to the premature dysfunc- 
tion and death of affected neurons in 
Alzheimer’s disease. Multiple abnor- 
malities have been reported in Alz- 
heimer brain, but it is hard to deter- 


Accepted for publication February 6, 1990. 

From the Altschul Laboratory for Dementia 
Research, Burke Rehabilitation Center, White 
Plains, NY. 

Presented in part at the Dahlem Conference, 
Berlin, Germany, December 1987; at the Interna- 
tional Conference on Alzheimer’s Disease, Las 
Vegas, Nev, September 1988; at the annual meet- 
ing of the Society for Neuroscience, New Orleans, 
La, November 1987 and Toronto, Canada, Novem- 
ber 1988; at the Fondation Ipsen Conference, 
Toulouse, France, April 1989; and at the Interna- 
tional Psychogeriatric Congress, Tokyo, Japan, 
September 1989. 

Reprint requests to the Altschul Laboratory for 
Dementia Research, Burke Rehabilitation Center, 
785 Mamaroneck Ave, White Plains, NY (Dr 
Blass). 


864 Arch Neurol—Vol 47, August 1990 


mine which of these are the result of 
brain damage and which contribute to 
premature neuronal dysfunction and 
death.'? For instance, the decrease in 
the cholinergic marker enzyme choline 
acetyltransferase in the cerebral cor- 
tex of Alzheimer brain appears to be 
the result of dysfunction and death of 
cholinergic cells in the nucleus basalis 
complex rather than a cause of the 
dysfunction and death of these cells, 
although the sequence of events has 
not yet been determined unequivo- 
cally. Study of the composition of the 
characteristic neuropathological hall- 
marks of Alzheimer’s disease, neuritic 
plaques and neurofibrillary tangles 
containing paired helical filaments 
(PHF),** may provide important clues 
for identifying the mechanisms lead- 
ing to premature dysfunction and 
death of the affected neurons. There is, 
however, no direct evidence that the 
accumulation of these materials con- 
tributes directly to their premature 
dysfunction and death, rather than 
being a manifestation of more funda- 
mental cellular changes.®"° 

Abnormalities have been reported 
in nonneural tissues from Alzheimer 
patients, including cultured skin fibro- 
blasts (see references 9 and 10 for re- 
view). It is unlikely that abnormalities 
that persist in cultured cells result 
from tissue damage or other effects 
secondary to the disease process, such 
as nutritional or medication effects. 
They are more likely to reflect, directly 
or indirectly, underlying genetic and 
metabolic defects.'! Some of those ab- 
normalities, including those in oxida- 
tive metabolism, appear to occur both 
in peripheral tissues and in the brain, 
and can be linked by plausible hypoth- 
eses to the premature dysfunction and 
death of the affected cells in the brain 
(see reference 9 for review).’” 

Recent studies indicate that when 
skin fibroblasts from patients with 
Alzheimer’s disease are grown under 
conditions designed to favor the ex- 
pression of neuronal properties, the 


fibroblasts then express gene products 
that have been used as markers of 
neurons in tissue cultures, including 
neurofilaments and neuron-specific 
enolase. Fibroblasts from patients 
with Alzheimer’s disease also accumu- 
late materials that react with anti- 
bodies that characteristically react 
with Alzheimer neurons in vivo, 
namely antibodies to PHF and the 
Alz-50 monoclonal antibody A 
smaller proportion of cells cultured 
under identical conditions from con- 
trol subjects also react immunocy- 
tochemically with antibodies raised to 
PHF: 0.3% to 13.7% of the value for the 
Alzheimer cells, depending on the an- 
tibody used” (unpublished data, 1990). 
This cultured cell system may there- 
fore provide a convenient model sys- 
tem to investigate the significance of 
previously described abnormalities in 
Alzheimer cells. In particular, this cul- 
ture system may be useful for studying 
dynamic properties that are difficult to 
study in autopsy tissue. 

A variety of data support the exist- 
ence of mitochondrial abnormalities in 
Alzheimer brain and fibroblasts'*'*’° 
(see “Comment” section). One such 
abnormality is partial uncoupling of 
oxidative phosphorylation in Alz- 
heimer mitochondria. Normally, the 
oxidation of substrates by mitochon- 
dria leads to the concomitant phospho- 
rylation of adenosine diphosphate to 
adenosine triphosphate. This “cou- 
pling” is measured by the respiratory 
control index and is sensitive to mito- 
chondrial damage from a variety of 
causes.'* Biopsy samples from Alzhe- 
imer brains have an apparent respira- 
tory control index significantly lower 
than that of control brain samples.” 
Slices of Alzheimer brain also oxidize 
glucose significantly more rapidly 
than do slices of control brain, the ex- 
pected result if mitochondria are par- 
tially uncoupled.'’ Cultured skin fibro- 
blasts have also been reported to show 
changes consistent with mitochondrial 
damage, including mitochondrial un- 
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coupling (see “Comment” section). 
We therefore examined the effect of 
mitochondrial uncoupling in control 
fibroblasts on their accumulation of 
materials that react immunocy- 
tochemically with anti-PHF and Alz- 
50 antibodies. Partial mitochondrial 
uncoupling was induced by adding the 
mitochondrial uncoupler carbonyl 
cyanide m-chlorophenylhydrazone 
(CCCP) to the culture medium. Addi- 
tion of CCCP increased the proportion 
of cells reacting immunocytochemi- 
cally with the anti-PHF antibodies 
used by approximately 10-fold and 
with Alz-50 by approximately 150-fold. 
We present details of these studies. 


MATERIALS AND METHODS 
Cell Culture 


Skin fibroblasts were obtained from the 
Coriell Institute for Medical Research 
(Camden, NJ) and were cultured as de- 
scribed previously.’ The cell lines studied 
were GM3529 (66-year-old, male), GM5879 
(48-year-old, female), GM1681 (70-year-old, 
male), GM8401 (75-year-old, male), GM3525 
(80-year-old, female), and AG4148A (58- 
year-old, male). The fibroblasts were main- 
tained by standard methods in Dulbecco’s 
modified Eagle medium (DME) containing 
17% fetal calf serum. The DME, fetal calf 
serum, and other tissue culture reagents 
were from Gibco Laboratories, Grand Is- 
land, NY. Alzheimer and control fibro- 
blasts were studied at comparable passages 
between 10 and 15 inclusive. They were 
subcultured at a plating density of 10*/em? 
to glass-based chamber slides (Lab-Tek 
Nunc Inc, Naperville, Ill). After incubation 
for 24 hours in DME with 10% fetal calf se- 
rum to favor initial adherence, the cells 
were rinsed three times with DME. Quan- 
titative removal of fetal calf serum was 
necessary to observe the effects described 
below. The rinsed cells were then main- 
tained in a special medium (DMd) designed 
to favor the expression of neuronal proper- 
ties. The DMd consisted of DME containing 
0.1 mmol/L of freshly prepared dibutyry] 
cyclic adenosine monophosphate (Sigma 
Chemical Co, St Louis, Mo), 0.1 ug/mL of 
nerve growth factor (7S, from male mouse 
submaxillary glands, >95% pure by SDS- 
PAGE at pH 7; Collaborative Research Inc, 
Bedford, Mass); 10 ug/mL of mixed bovine 
gangliosides (type 2, Sigma), and 5% chick 
embryo extract (Gibco). The fibroblasts 
survived up to 1 month in DMd with regu- 
lar replenishment of nerve growth factor at 
intervals of 2 to 3 days. They were routinely 
fixed for immunocytochemistry or electron 
microscopy, as described below, after 10 to 
14 days. When included in the culture me- 
dium, the concentration of CCCP (Sigma) 
was routinely 10 um. 


Immunocytochemistry 


After 10 to 14 days in the DMd medium, 
the cells were washed three times with 
Dulbecco’s phosphate-buffered saline (pH 
7.2) and then fixed for 30 minutes in freshly 
prepared 4% paraformaldehyde solution in 
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0.1 mol/L of sodium phosphate buffer, pH 
7.4. The fixed cells were then permeabilized 
by treatment with 0.3% triton X100 for 15 
minutes, treated with the antibody of in- 
terest overnight, and then stained either by 
Sternberger’s peroxidase-antiperoxidase 
technique with diaminobenzidine as 
chromogen” or by the streptavidin-biotin 
conjugated peroxidase complex technique 
using the kit from Zymed Laboratories Inc, 
South San Francisco, Calif, and amino- 
ethylcarbazole as chromogen. Results were 
similar with both immunoperoxidase tech- 
niques. Antibodies used were a polyclonal 
antibody to PHF (pAb-ICN; ICN Biochem- 
icals Inc, Costa Mesa, Calif), a monoclonal 
antibody to PHF (mAb 39), and the Alz-50 
monoclonal antibody. The specificity of 
these antibodies is described below. Poly- 
clonal antibody to PHF was routinely used 
at a dilution of 1:1000, and mAb 39 and Alz- 
50 at 1:10. These dilutions of antibody were 
those that did not lead to significant immu- 
nocytochemical reactivity in cells from con- 
trol subjects exposed to the DMd medium in 
the absence of CCCP, but did elicit signifi- 
cant reactivity in Alzheimer fibroblasts 
cultured under the same conditions." Si- 
multaneous immunocytochemical controls 
were routinely included (no primary anti- 
body, normal rabbit or mouse serum, or an- 
tibody absorbed on a 4% homogenate of 
Alzheimer brain). These immunocytochem- 
ical controls showed either faint immuno- 
reactivity or so little immunoreactivity 
that phase microscopy or hematoxylin 
counterstaining was necessary to visualize 
the cells. The range of reactivity associated 
with immunocytochemical controls is illus- 
trated in Fig 1, top and Fig 2, top center, and 
bottom left. The media itself did not react 
immunocytochemically with the antibodies 
used. 

For quantitative studies, at least 100 cells 
were counted, from random fields, for each 
cell line under both the CCCP-added condi- 
tion and the no-added CCCP condition. In- 
tensity of immunoreactivity was compared 
with immunocytochemical controls with no 
added primary antibody or normal serum 
replacing the primary antibody (rat serum 
for polyclonal antibodies, mouse serum for 
monoclonal antibodies). 


Electron Microscopy 


For ultrastructural studies, fibroblasts 
were cultured as described above, but in 60- 
mm diameter X 15-mm height polystyrene 
Petri dishes (Corning [NY] Glass Works). 
They were rinsed with Hanks’ buffered sa- 
line solution before fixation with 3% glu- 
taraldehyde solution in 0.1 mol/L of sodium 
cacodylate buffer, pH 7.4. The fixed speci- 
mens were then processed for in situ ultra- 
structural analyses as described previ- 
ously” and postfixed with 0.1% uranyl ace- 
tate, dehydrated with a graded ethanol 
series followed by infiltration with hydrox- 
ypropyl methacrylate, and subsequently 
embedded in Ply-Bed 812 (Polysciences Inc, 
Warrington, Pa). Ultrathin sections, ob- 
tained with an ultramicrotome (Sorvall 
MT-6000), were stained with lead citrate 
and subsequently examined in an electron 
microscope (JEOL JEM-100S or a JEM- 
100CX2). 


RESULTS 


When cultured in the presence of the 
mitochondrial uncoupler CCCP, a sig- 
nificantly higher proportion of cells 
reacted immunocytochemically with 
both the polyclonal and the mono- 
clonal anti-PHF antibodies (pAb-ICN 
and mAb 39) and with the Alz-50 mo- 
noclonal antibody (Figs 1 and 2and the 
Table). At least two independent cul- 
tures prepared on different days were 
studied for each of the six cell lines, 
and the effects described were ob- 
served in all the lines studied. In each 
individual experiment, the proportion 
of the cultured cells exposed to CCCP 
that showed immunocytochemical re- 
activity was higher than that for the 
fibroblasts from the same line cultured 
without added CCCP. In individual ex- 
periments, the proportion of CCCP- 
treated cells that showed immunore- 
activity with the polyclonal anti-PHF 
antibody from ICN Biochemicals 
(pAb-ICN) after exposure to CCCP 
varied in different cultures from 46% 
to 100%. In cells not exposed to CCCP, 
it ranged from 0% to 24% (all six lines 
studied). For the Alz-50 monoclonal 
antibody, the staining in the three 
lines tested (GM 1681, GM 8401, and 
GM 3529) was 44% to 88% in the cells 
exposed to CCCP and 0% to 10% in the 
cells not exposed to CCCP. In the 
quantitation of immunoreactivity 
with mAb 39 in cell line GM 8401, the 
proportion of positively staining cells 
was compared in a single culture with 
added CCCP with a single culture 
without added CCCP, with three ran- 
dom fields counted, with 50 cells 
counted per field. In the presence of 
CCCP, 18% to 44% of the cells reacted 
significantly; in the absence of CCCP, 
0% to 3% of the cells reacted signifi- 
cantly. The differences were statisti- 
cally significant for all three anti- 
bodies (Table). In these studies, immu- 
nocytochemical reactivity was judged 
significant if it was greater than that 
in the absence of primary antibody or 
in normal serum controls. The immu- 
noreactivity tended to be particulate 
or diffuse rather than fibrillar (Figs 1 
and 2; see “Comment” section). 

In Fig 1, top, fibroblasts cultured in 
DMd without addition of CCCP, the 
light immunoreactivity found in a 
small portion of cells with the poly- 
clonal anti-PHF antibody was com- 
parable with that seen when the pri- 
mary antibody was omitted or when it 
was replaced with the same dilution of 
normal rabbit serum; a small percent- 
age of darker-staining cells can, how- 
ever, be seen, consistent with the nu- 
merical values in the Table. Figure 1, 
center, demonstrates the more intense 
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immunocytochemical reactivity when 
the cells were exposed to CCCP. A 
small percentage of nonreactive cells 
is, however, evident. In Fig 1, bottom, 
a higher magnification of the central 
field in Fig 1, center, a cell that exhib- 
its no significant immunoreactivity 
can be seen among a field of cells 
graded as positive. 

Figure 2 illustrates at higher mag- 
nification the contrast between posi- 
tive immunoreactivity and the absence 
of significant immunoreactivity. In Fig 
2, top right, the faintly visualized cell 
at the edge of the field was clearly 
visible under phase microscopy, with 
only minimal evidence of immunocy- 
tochemical reactivity when viewed un- 
der bright field, and was classified as 
not stained. As shown in Fig 2, bottom 
right, the Alz-50 monoclonal antibody 
consistently stained both nuclei and 
cytoplasm in the CCCP-treated cells 
under the conditions used. Both nu- 
clear and cytoplasmic immunocy- 
tochemical reactivity persisted when 
higher dilutions of the Alz-50 antibody 
were tested. This effect is as yet unex- 
plained. 

The Table indicates that the in- 
crease in the proportion of cells stain- 
ing on treatment with CCCP was ap- 
proximately 10-fold to 15-fold and was 
statistically significant for all three of 
the antibodies tested. 

In control experiments to determine 
the optimal concentration of CCCP, 
the proportion of cells showing signif- 
icant immunocytochemical reactivity 
tended to increase as the concentration 
of CCCP increased. In an experiment 
with line GM5879, the proportion of 
cells showing significant immunocy- 
tochemical reactivity with the ICN 
polyclonal antibody to PHF increased 
as the micrometer concentration of 
CCCP increased: at 0 um, CCCP, 2.7% 
+ 1.6% (6; 3); at 0.01 um, 22% + 5% 
(3; 2); at 0.1 um, 39% + 12% (6; 3); at 
1 um, 61% + 10% (6; 3); and at 10 um, 
838% + 7% (6; 3). Values are means + 
SEM (and the number of random fields 
examined for each line [50 cells per 
field], followed by the number of sepa- 
rate cultures of GM5789 studied at 
that concentration of inhibitor). The 
values at 0- and 10-um concentrations 
of CCCP do not differ significantly 
from those for the same concentra- 
tions of CCCP indicated in the Table. 
The proportion of cells staining at 
1-um and at 10-um concentrations of 
CCCP also did not differ significantly 
(by t test, P > .3). Above 10-um con- 
centrations of CCCP, the cells tended 
to round up and come off the glass. The 
immunocytochemical reactivity with 
anti-PHF antibodies appeared fully 
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present after 10 days, the earliest time 
point examined. The life span and via- 
bility of cells exposed to 10-um concen- 
trations of CCCP appeared slightly 
less than that of cells not exposed to 
this toxin, but systematic quantitative 
examination has not yet been per- 
formed of the effect of CCCP on the vi- 
ability of the cultured cells and specif- 
ically of the viability of cells that 
develop immunocytochemical reactiv- 
ity with anti-PHF antibodies. 

Ultrastructural studies indicated 
that treating fibroblasts cultured in 
DMd with CCCP increased the extent 
to which they accumulated fibrillar 
material, although no structures re- 
sembling PHF were seen (Fig 3). In 
these cells from control subjects incu- 
bated in DMd without CCCP, there was 
a paucity of long, 10-nm nonbranching 
filaments (Fig 3, left). When parallel 
cultures were exposed to DMd contain- 
ing CCCP (Fig 8, right), the cells accu- 
mulated a considerable amount of fas- 
cicles of long, 10-nm straight fibrillar 
structures coursing among the cyto- 
plasmic granules. No twisted struc- 
tures reminiscent of PHF were seen. 
These conclusions are based on the 
study of 180 cells from three subjects 
cultured with CCCP and 180 cells from 
these subjects cultured without CCCP 
(79 electron micrographs). The tech- 
niques to study the fibroblasts were 
identical to those that have recently 
revealed structures reminiscent of 
PHF in human IMR-32 neuroblastoma 
cells grown under specific culture 
conditions.” 


COMMENT 


The observation of increased immu- 
nocytochemical reactivity with anti- 
PHF and Alz-50 antibodies in fibro- 
blasts from control subjects after 
treatment with CCCP appears replica- 
ble. As noted above, results were con- 
sistent for fibroblasts from the six in- 
dividuals studied, with two or more 
replicate cultures prepared on differ- 
ent days being studied for each indi- 
vidual. The molecular nature of the 
changes responsible for the increased 
immunocytochemical reactivity ob- 
served with these antibodies in fibro- 
blasts treated with CCCP is less clear. 
As discussed below, evidence bearing 
on this issue includes the specificity of 
the antibodies used, the granular 
rather than fibrillar appearance of the 
immunoreactivity, and the possible ef- 
fect of changes in the morphology and 
volume of the cultured cells. 

Of the antibodies used, two have 
been reported to recognize tau pro- 
teins. The commercial polyclonal anti- 
body (pAb-ICN) has been reported 
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*Values are expressed as means + SEMs of im- 
munoreactive cells per 100 cells counted, in randomly 
chosen fields. For polyclonal antibody to paired heli- 
cal filaments (pAb-ICN), these values are for each of 
the six cell lines (see text for list) compared under 
each condition. For Alz-50, the values are for three 
cell lines compared under each condition (GM 1681, 
GM 8401, and GM 3529). For mAb-39, three random 
fields were studied for simultaneous cultures of GM 
8401 studied both with and without carbonyl cyanide 
m-chlorophenylhydrazone (CCCP). Immunocyto- 
chemical reactivity was compared with that of nega- 
tive controls in which primary antibody was omitted or 
was replaced by normal rabbit or mouse serum. Sta- 
tistical significance was evaluated by the Mann-Whit- 
ney U test (see text for details). 





to recognize tau proteins as well as 
Alzheimer disease characteristic epi- 
topes but not tubulin or other cytoskel- 
etal components,” and that result 
has been independently confirmed in 
this laboratory (data not shown). The 
Alz-50 monoclonal antibody has been 
reported to recognize tau proteins as 
well as a 68-kd protein, at least on im- 
munoblots examined under conven- 
tional denaturing conditions.” It is 
not clear whether the immunoreactiv- 
ity observed in our study reflects the 
presence of tau proteins, or of abnor- 
mally modified tau found in Alzheimer 
disease, or of other microtubule-asso- 
ciated proteins that share epitopes 
with tau proteins. The other mono- 
clonal antibody used, mAb 39, has been 
reported to be relatively specific for 
PHF, and has not been reported to re- 
act with a known normal cellular 
constituent.” 

As illustrated in Figs 1 and 2, 
the immunocytochemical reactivity 
tended to appear granular rather than 
fibrillar. The immunostaining tended 
to appear less particulate when the 
triton treatment used to permeabilize 
the fixed cells was omitted, and it may 
therefore result in part from the action 
of the detergent on subcellular struc- 
tures. Bancher and coworkers” have 
proposed that in Alzheimer brain, ma- 
terials that react with anti-PHF anti- 
bodies accumulate in particulate form 
before they are incorporated into 
fibrillar materials and PHF. It is pos- 
sible that materials that contain the 
epitopes recognized by these anti- 
bodies also accumulate in a particulate 
manner in the cultured skin fibro- 
blasts. It is also possible that the 
immunoreactivity is associated with 
new epitopes resulting from abnormal 
posttranslational modifications of 
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Fig 1.—Effect of carbonyl cyanide m-chlo- 
rophenylhydrazone (CCCP) on immunocy- 
tochemical reactivity with a polyclonal antibody 
to paired helical filaments (pAb-ICN) in cells 
grown in DMd medium in the absence (top) or 
presence (center and bottom) of the mitochon- 
drial uncoupler CCCP (10 um). Polyclonal an- 
tibody to paired helical filaments was used at 
a dilution of 1:1000 and developed with the 
Streptavidin-biotin conjugated peroxidase 
complex technique.'® Cell line shown, GM 
5879; results were similar with the other five 
cell lines listed in the text (see text for details). 


molecules normally found in fibro- 
blasts, perhaps cytoskeletal compo- 
nents undergoing posttranslational 
modifications such as abnormal phos- 
phorylations analogous to modifica- 
tions of neuronal cytoskeletal proteins 
that have been proposed to occur in 
Alzheimer neurons.**? It is, however, 
also possible that the unusual immu- 
noreactivity results in part from the 
synthesis of molecules not normally 
found in cultured skin fibroblasts. The 
mitochondrial uncoupler CCCP has 
been reported to lead to “collapse” of 
the cytoskeleton in HeLa cells,” and 
other mitochondrial inhibitors (azide 
and oligomycin) to the disorganization 
of the intermediate filament network 
in human skin fibroblasts.”* The result- 
ing alterations in the size and shape of 
the cells and in the compactness of the 
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Fig 2.—Effect of the mitochondrial uncoupler carbonyl cyanide m-chlorophenylhydrazone (CCCP) 
on immunocytochemical reactivity with antibodies to paired helical filaments (PHF) and with the 
Alz-50 monoclonal antibody, in cells grown in DMd medium in the absence (top, center, and bot- 
tom left) or presence (top, center, and bottom right) of 10-um CCCP. Top left and right, Polyclonal 
antibody to PHF (pAb-ICN), dilution 1:1000 (GM1681); center left and right, monoclonal antibody 
PHF (mAb 39), dilution 1:10 (GM8401); and bottom left and right, Alz-50 monoclonal antibody, di- 
lution 1:10 (GM1681). All samples counterstained with hematoxylin. Scale bars, top left through 
bottom right, 10 nm (see text for description of antibody specificity and experimental details). 


cytoskeletal components may lead to 
apparent alterations in the intensity 
of immunocytochemical staining (eg, 
localized “piling up” of antigens may 
lead to the appearance of increased 
staining in localized areas). Thus, the 
granular accumulation of abnormal or 
abnormally modified molecules may be 
a response of the cell to the accumula- 
tion of these molecules, or an early 
stage in the incorporation of these 
materials into cytoskeletal structures, 
or a result of localized accumulation of 
cytoskeletal materials due to collapse 
of the cytoskeleton, or to a mixture of 
these and other as yet unrecognized 
effects. 

There is substantial evidence for an 
intrinsic abnormality of mitochon- 
drial function in Alzheimer’s disease. 
Alzheimer plaques contain distorted 


mitochondria in ultrastructural 
studies” and show decreased NADH- 
tetrazolium blue reductase in his- 
tochemical _ studies.*° Subsequent 
studies showed marked deficiencies of 
mitochondrial marker enzymes,:'4 in- 
cluding the 2-ketoglutarate®! and 
pyruvate’** dehydrogenase com- 
plexes. One of the mitochondrial en- 
zymes that is deficient in Alzheimer’s 
disease, the pyruvate dehydrogenase 
complex, is relatively concentrated in 
the cholinergic cells of the nucleus 
basalis complex” that are characteris- 
tically affected in Alzheimer’s disease. 
Direct data in Alzheimer brain biopsy 
specimens'*!> and fibroblasts" is con- 
sistent with the presence of mitochon- 
drial damage, including uncoupling, as 
described in the next paragraph. 
Treatment directed at the mitochon- 
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Fig 3.—Cytoplasmic fibrillar structures in cells cultured in DMd medium in the absence (left) or 
presence (right) of the mitochondrial uncoupler carbonyl cyanide m-chlorophenylhydrazone 
(CCCP) (10 um) and then prepared for electron microscopy (see text for details). M indicates mi- 
tochondrion; ER, endoplasmic reticulum; and L, lysosome. Scale bar, 200 nm (magnification left 
and right, X77 000). A total of 79 electron micrographs were examined, of 180 cells cultured with- 
out CCCP and of 180 cells cultured with CCCP. 


drial lesion (with L-carnitine) reverses 
at least two abnormalities in Alz- 
heimer fibroblasts, namely in isopro- 
terenol-stimulated cyclic adenosine 
monophosphate production and in 
weak-acid transport.* The data pre- 
sented in this article suggest that mi- 
tochondrial damage, and specifically 
uncoupling of oxidation to phosphory- 
lation, is adequate to cause the appear- 
ance of epitopes recognized by anti- 
bodies to the PHF that are charac- 
teristic intracellular constituents in 
affected Alzheimer cells. 

Both direct and indirect data sup- 
port the existence of mitochondrial 
uncoupling in Alzheimer cells. Mito- 
chondria appear to be uncoupled in 
Alzheimer brain studied in vitro. Bi- 
opsy specimens of Alzheimer brain 
oxidized [uranium-carbon 14] glucose 
to carbon dioxide 14 more rapidly than 
did controls, although they synthe- 
sized acetylcholine more slowly." 
These findings are similar to those in- 
duced in preparations of animal brain 
exposed to the mitochondrial uncou- 
pler CCCP.” Direct measurement in- 
dicated that the apparent respiratory 
control indexes were lower in prepara- 
tions from Alzheimer brain biopsy 
specimens than in control subjects, 
providing direct evidence for mito- 
chondrial uncoupling in Alzheimer 
brain.'* Cultured skin cells from Alz- 
heimer patients showed abnormalities 
that are consistent with mitochondrial 
uncoupling and consequent decreased 
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efficiency of conversion of adenosine 
diphosphate to adenosine triphos- 
phate, including increases in oxidation 
of radioactive glucose in short-term 
incubations and in lactic acid pro- 
duction. There is also evidence for 
three of the predicted consequences of 
mitochondrial uncoupling in Alzhei- 
mer cells: alterations in cellular cal- 
cium homeostasis,*® alterations in 
pH,* and disorganization of the cyto- 
skeleton.!*¢%?78 

Mitochondrial uncoupling affects 
cells by complex mechanisms. Car- 
bonyl cyanide m-chlorophenylhydra- 
zone and a closely related hydrazone, 
p - trifluoromethoxyphenylhydrazone, 
are proton ionophores that uncouple 
electron transport from adenosine 
triphosphate synthesis, with dissipa- 
tion of the mitochondrial electrochem- 
ical gradient.” Treatment with these 
uncouplers leads to disorganization of 
the cytoskeleton in HeLa cells.” The 
effects of p-trifluoromethoxyphenyl- 
hydrazone on the cytoskeleton were 
hypothesized to be due to alterations in 
cellular calcium homeostasis and/or 
pH secondary to effects on mitochon- 
drial membrane potentials.” The cy- 
toskeletal abnormalities in the HeLa 
cells were believed not to be due to a- 
denosine triphosphate depletion, since 
they were not induced by other agents 
that impair adenosine triphosphate 
synthesis such as oligomycin. More 
prolonged incubations with oligomy- 
cin did, however, lead to disorganiza- 


tion of intermediate fibrils in cultured 
human skin fibroblasts.* Studies by 
DeBoni and Crapper-McLachlan” and 
preliminary observations in this 
laboratory suggest that a variety of 
metabolic insults can lead to increased 
immunoreactivity with anti-PHF an- 
tibodies, and it is possible that the ac- 
cumulation of materials with immu- 
noreactivity to anti-PHF antibodies is 
a relatively nonspecific response to 
“stress” on the cells, including oxida- 
tive stress. This hypothesis is particu- 
larly interesting since ubiquitin, 
which is a well-documented compo- 
nent of PHF, 5 is a “heat-shock 
protein” whose synthesis is stimulated 
not only by heat shock but also by ox- 
idative and other stresses. Further- 
more, the promotor for the gene for the 
Alzheimer amyloid precursor protein 
also has a “heat shock region,’ sug- 
gesting that the synthesis of that char- 
acteristic Alzheimer protein may also 
be stimulated by oxidative or other 
metabolic stresses. 

Alzheimer fibroblasts cultured in 
DMd react immunocytochemically 
with anti-PHF and Alz-50 antibodies 
in a higher proportion than do those 
from control subjects, even without 
addition of CCCP.°*'° One possible ex- 
planation is that mitochondria in the 
Alzheimer cells are already partially 
uncoupled. Another is that other ab- 
normalities inherent in the Alzheimer 
fibroblasts!’ lead to the accumulation 
of materials responsible for this im- 
munoreactivity. The cell culture model 
may provide a convenient tool in which 
to identify the types of lesions that can 
lead to the accumulation of materials 
containing epitopes that react with 
these antibodies. 
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The Amyotrophic Lateral Sclerosis-Parkinsonism-Dementia 


Complex of Guam 


Barry J. Snow, FRACP; Richard F. Peppard, FRACP; Mark Guttman, FRCPC; Junichi Okada, MD; W. R. Wayne Martin, FRCPC; 
John Steele, FRCPC; Andrew Eisen, FRCPC; Geoffrey Carr, PhD; Bruce Schoenberg, MDT; Donald Calne, FRCPC 


è We performed positron emission to- 
mography using ‘°F-6-fluorodopa on four 
Guamanians with an amyotrophic lateral 
sclerosis syndrome, eight Guamanians 
with parkinsonism, and seven clinically 
normal Guamanians; the results were com- 
pared with those of nine Vancouver con- 
trol subjects. The Guamanian subjects had 
all been exposed to similar Chamorro life- 
styles. The scans were analyzed using a 
graphic method that calculates a constant 
for whole striatal '°F-6-fluorodopa uptake. 
The parkinsonian subjects all had signifi- 
cantly reduced striatal '°F-6-fluorodopa 
uptake. The group with amyotrophic lat- 
eral sclerosis had significantly reduced 
uptake that was intermediate between 
that of the control group and the parkinso- 
nian group. Two Guamanian normal sub- 
jects had reduced striatal '°F-6-fluorodopa 
uptake. The nigrostriatal dopaminergic le- 
sion in Guamanian parkinsonism is similar 
to that found in idiopathic parkinsonism. 
The nigrostriatal lesions in the subjects 
with amyotrophic lateral sclerosis and the 
Guamanian normal subjects are examples 
of subclinical neuronal damage demon- 
strable in living subjects with positron 
emission tomography. 

(Arch Neurol. 1990;47:870-874) 


Amyotrophic lateral sclerosis (ALS) 

and parkinsonism-dementia (PD) 
previously occurred in high prevalence 
among the Chamorro natives on Guam 
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in the western Pacific.! The Chamorros 
call the complex Lytico-Bodig. The 
cause of these diseases has not been 
established, but the declining inci- 
dence with the adoption of a Western 
life-style has been interpreted as indi- 
cating that some as yet unknown en- 
vironmental factor is responsible.’ 
Both the ALS syndrome and PD are 
commonly seen in the same family 
and sometimes in the same individu- 
al.'34 In addition, similar pathologic 
changes are found in the brains and 
spinal cords of patients with ALS and 
of patients with PD.*¢ Taken along 
with the common epidemiologic pat- 
terns, these features suggest that ALS 
and PD are different manifestations of 
the same disease. It is also our experi- 
ence that in addition to Lytico-Bodig 
being expressed as a pure ALS syn- 
drome, the PD components may ap- 
pear separately as an isolated parkin- 
sonian syndrome or an isolated demen- 
tia. 

Interest in Lytico-Bodig as a model 
for Parkinson’s disease, Alzheimer’s 
disease, and ALS has been stimulated 
by the finding that 1-methyl-4-phen- 
yl-1,2,3,6-tetrahydropyridine causes 
parkinsonism.’ This has focused atten- 
tion on the possible role of environ- 
mental agents as the cause of neuro- 
degenerative disorders, particularly 
Parkinson’s disease.* 

A current theory on the cause of 
Parkinson’s disease proposes a latency 
between exposure to an environmental 
risk factor and clinical expression of 
the disease, implying the presence of 
subclinical neuronal damage during 
the latent period.* Approximately 80% 
of substantia nigra dopaminergic neu- 
rons must be lost before the onset of 


clinical parkinsonism.’ In the past, 
there has been no reliable method of 
demonstrating subclinical lesions of 
this pathway; however, positron emis- 
sion tomography (PET) has demon- 
strated such subclinical damage in the 
striatal dopaminergic system of 
asymptomatic individuals who have 
been exposed to 1-methyl-4-phenyl- 
1,2,3,6-tetrahydropyridine.”° 

The presumed common cause of 
Guamanian ALS and PD offers a fur- 
ther opportunity to explore the con- 
cept of asymptomatic lesions of neural 
pathways and to examine further the 
ability of PET to detect such lesions. 
This study was undertaken to test the 
hypothesis that there is a functional 
presynaptic dopaminergic deficit in 
Guamanian parkinsonism, and that a 
subclinical dopaminergic deficit may 
be present in Guamanian ALS and in 
clinically normal Guamanian subjects 
who have been exposed to a traditional 
Chamorro life-style. 


PATIENTS AND METHODS 


Guamanian subjects were examined and 
recruited by two of us (J.S. and D.B.C.) on 
Guam and we traveled to Vancouver, Can- 
ada, for further assessment and scanning. 
We attempted, as far as possible, to recruit 
subjects with typical features of the dis- 
ease. All had been exposed to a typical 
Chamorro life-style while on Guam, and all 
returned to Guam at the completion of the 
study. 

Assessment of the patients included his- 
tory, neuropsychologic examination (see 
below), neurologic examination, neuro-oph- 
thalmologic examination, electromyogra- 
phy (EMG), magnetic resonance imaging, 
and PET. The severity of the parkinsonism 
was expressed as Columbia scores while off 
medication. Assessment of the control sub- 
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Fig 1.—Age-calculated 3-o-methyl-'°F-6-fluorodopa: fluorodopa (3- 
O-MFD:FD) ratios compared with measured 3-o-methyl-'°F-6-fluoro- 
dopa: fluorodopa ratios in 22 subjects (r = .54; P = .01). ALS indicates 


amyotrophic lateral sclerosis. 


jects was limited to history, neurologic ex- 
amination, magnetic resonance imaging, 
and PET. 

The diagnosis of dementia was based on 
the clinical interview of the patient and 
family members on Guam. In addition, for- 
mal neuropsychological testing was per- 
formed. Interpretation of these tests was 
made difficult by linguistic and cultural 
differences and uncertainty about educa- 
tional level and previous levels of intellec- 
tual function. For this reason a battery of 
tests was performed, and the results were 
reviewed by a blinded observer who rated 
the overall performance on a scale of 1 to 5 
(normal, borderline deficit, mild abnormal- 
ity, moderate abnormality, severe abnor- 
mality) in four areas of cognitive function 
(memory, problem solving, language skills, 
and orientation). Thus, a normal subject 
would score 4 and a severely impaired sub- 
ject could potentially score 20. 

Magnetic resonance imaging was per- 
formed with a superconducting magnet op- 
erating at 0.15 tesla (Picker International 
Cryogenic MR200). A multi-echo 12-slice 
spin echo sequence was employed with rep- 
etition times of 2045 milliseconds and echo 
delay time of 40 and 120 milliseconds. A 12- 
slice inversion recovery technique was ap- 
plied with a repetition time of 2450 milli- 
seconds, an inversion time of 400 millisec- 
onds, and echo delay time of 400 milli- 
seconds. 

The method used for PET scanning has 
been described in detail elsewhere.” In 
brief, we used a scanner developed from 
PET VI geometry (UBC/TRIUMF PETT 
VI), operating in the high-resolution 
mode.” The system simultaneously collects 
data from seven axial slices with center- 
to-center separation of 14.4 mm, in-plane 
resolution averaging 9.2 mm (full width 
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0.2 0.4 0.6 0.8 1.0 
'*F-6-fluorodopa Uptake From Measured Ratio 
Fig 2.—Striatal '°F-6-fluorodopa uptake constants derived with age- 


calculated 3-o-methyl-'°F-6-fluorodopa:'°F-6-fluorodopa ratios com- 
pared with constants derived with measured 3-o-methyl-'®F-6-flu- 


orodopa: '°F-6-fluorodopa ratios in 22 subjects. The regression line is 
for the data (r = .99; P< .001). ALS indicates amyotrophic lateral 


sclerosis. 


half maximum), and average axial resolu- 
tion of 11 mm. "“F-6-fluorodopa was pre- 
pared as described previously.'*"* All sub- 
jects received 100 mg of carbidopa 1 hour 
before the scan. A transmission scan was 
performed to permit a measured attenua- 
tion correction to be applied to the emission 
data. '*F-6-fluorodopa (2.0 to 3.5 mCi) was 
administered intravenously at the com- 
mencement of scanning. During the scan- 
ning period, a series of blood samples were 
drawn from an indwelling radial artery 
catheter. Total radioactivity in each sample 
was determined in a well counter. The con- 
centration of 3-0-methyl-'*F-6-fluorodopa 
(the major peripheral metabolite of '*F- 
6-fluorodopa was measured as described by 
Boyes et al. Twelve sequential emission 
scans, each of 10 minutes’ duration, were 
performed. 

A graphic method was employed to cal- 
culate the steady-state '*F-6-fluorodopa up- 
take rate constant for the whole 
striatum.'''*’ To measure striatal activity, 
we applied elliptical regions of interest 
visually on all slices in which radioactivity 
in excess of background was evident. To en- 
sure inclusion of the whole striatum, we 
used 12-cm? regions of interest to cover the 
entire area of the striatum plus some of the 
surrounding brain. To correct for the activ- 
ity from the surrounding brain and for 
striatal activity emanating from nonfluo- 
rodopamine metabolites of '*F-6-fluoro- 
dopa, we applied a region of interest over 
each posterior temporoparietal cortex and 
subtracted the activity recorded from this 
region of interest from that of the striatal 
regions of interest. This method of total 
striatal sampling minimizes the partial 
volume effect that may occur in the pres- 
ence of striatal atrophy; because of the 
partial volume effect, the apparent radio- 


active concentration in small structures 
may be underestimated by PET as the 
counts are distributed over a larger area 
than the original structure; however, de- 
spite the wide distribution, the counts are 
conserved’? so total radioactivity in the 
structure of interest can be measured by 
using a relatively large region of interest as 
we have done." Thus, the results are ex- 
pressed as '*F-6-fluorodopa uptake per stri- 
atum. 

The PET results were compared with a 
group of nine normal subjects (age range, 22 
to 80 years; mean, 55.6 years) from the 
Vancouver area. None had neurologic dis- 
ease and none were receiving medication at 
the time of scanning. 

The graphic method of analysis requires 
correction for the peripheral formation of 
3-0-methy]-'F-6-fluorodopa from '*F-6-flu- 
orodopa."' The 3-0-methyl-'*F-6-fluoro- 
dopa:'*F-6-fluorodopa ratio was determined 
from blood taken at intervals during the 
scan. These results were unavailable for 
five subjects (numbers 3, 4, 7, 8, 14, Table). 
The 3-0-methyl-'*F-6-fluorodopa: 'F-6-flu- 
orodopa metabolic ratio has been shown to 
correlate with age,” so to allow analysis of 
these subjects’ data we calculated ratios 
based on age using the regression equation 
from the data of Boyes et al.!5 To test the 
validity of this approach we calculated age- 
derived ratios for the 22 subjects and con- 
trol subjects for whom blood data were 
available and compared these calculated 
ratios with the measured ratios (Fig 1). We 
then compared the F-6-fluorodopa upta..e 
constants calculated with measured ratios 
and with age-derived ratios for these sub- 
jects (Fig 2). The correlation was highly 
significant (r=.99, P<.001, Pearson). 
Similar correlations were found in each 
group when examined individually (Gua- 


Lytico-Bodig—Snow et al 871 


Clinical and Magnetic Resonance Findings in Guamanian Subjects * 


Subject/ Yearson Disease 
Age, y/Sex Guam Duration, y 


Guamanian control subjects 
1/43/F 40 


2/56/F 50 
3/49/M 29 
4/34/F 22 
5/59/F 59 


Normal 
Normal 
Normal 
Normal 


MRI Findings 


Mild focal 


Medications, 
Total Daily 
Dose 


Nil 
Hydrochlorothiazide 
Allopurinol 

Nil 

Nil 


atrophy in 
frontal lobes 


6/51/F 51 
7/49/F 13 


Guamanian ALS 
8/38/M 35 


Normal 
Normal 


Normal 
9/62/F 62 Normal 
10/53/F 53 Normal 


11/47/F 46 Normal 


Guamanian parkinsonism 


12/67/F 50 Normal 


13/64/M 49 


Moderate generalized 
atrophy, possible small 


Levodopa, 1000 mg; bromocriptine, 
7.5 mg 

Levodopa 300 mg; furosemide; 
hydrochlorothiazide 


pontine infarct 


14/51/M Normal 


15/59/M 
16/49/M 


Normal 


17/56/M Normal 


18/62/M 
19/56/M 


Normal 


Mild atrophy 


Moderate generalized 
atrophy 


Levodopa, 1000 mg; furosemide 


Nil 
Levodopa, 300 mg; chloral hydrate; 
hydrochlorothiazide 


Levodopa, 1000 mg; amantadine, 
200 mg 


Allopurinol; indomethicin 
Levodopa, 300 mg 


Columbia 


Mental 
Test 


Score Score Clinical Features 


Normal 

Controlled hypertension 
Previous gout 

Normal 


History of gynecological 
malignancy 


Normal 
Normal 


UMN and LMN features of 
ALS; pseudobulbar palsy 

UMN and LMN features of 
ALS; pseudobulbar palsy 

UMN and LMN features of 
ALS; pseudobulbar palsy 


UMN and LMN features of 
ALS; pseudobulbar palsy 


Parkinsonian 


Parkinsonian with 
prominent nuchal rigidity 
and SNGD, hypertension, 
diabetes 


Parkinsonian, SNGD, 
hypertension 


Parkinsonian 


Parkinsonian, hypertension, 
diabetes 


Parkinsonian 


Parkinsonism, SNGD 


Parkinsonian, SNGD, and 
high alcohol intake 





*The mental test score is a combined scoring system and is explained in the text. MRI indicates magnetic resonance imaging; F, female, M, male; ALS, amyotrophic 
lateral sclerosis; SNGD, supranuclear gaze disturbance; UMN, upper motor neuron; and LMN, lower motor neuron. 


manian normal subjects, 0.94; ALS, 1.00; 
parkinsonian patients, 0.88; Vancouver con- 
trol subjects, 0.98; P < .001 for all groups). 

Consent for all aspects of this study was 
obtained following explanation of the pro- 
cedure and possible risks to both patients 
and family members. This study was ap- 
proved by the University of British Colum- 
bia, Vancouver, ethics committee. 


RESULTS 


Clinical and magnetic resonance im- 
aging findings for the Guamanian sub- 
jects are summarized in the Table. 

The ALS syndrome was confirmed 
clinically and by EMG. All subjects 
had widespread limb weakness, wast- 
ing, fasciculations, pseudobulbar 
palsy, and hyperreflexia. Three had 
extensor plantar responses. Electro- 
myography showed widespread dener- 
vation with normal nerve conduction. 
None of these patients had extrapy- 
ramidal signs. 

All the parkinsonian patients had 
degrees of bradykinesia, increased 
tone, decreased dexterity, stooped pos- 
ture, and impaired righting reflexes. 
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Two had postural tremor. One parkin- 
sonian patient (patient 18) had clinical 
evidence of ALS with mild wasting of 
intrinsic hand muscles, fasciculation, 
weakness, hyperreflexia, and extensor 
planter responses. The EMG showed 
active denervation. Six of the remain- 
ing seven patients had hyperreflexia 
but no other findings suggestive of 
ALS; however, they did have mild 
changes of denervation on EMG. 

Neuro-ophthalmologic examination 
revealed that all of the Guamanians 
with parkinsonism had saccadic pur- 
suit. Four of these patients (patients 
15, 17, 18, and 19) had more severe su- 
pranuclear gaze disturbance with com- 
binations of impaired lateral and 
downgaze, absent convergence, and ab- 
sent optokinetic nystagmus. These 
findings have been reported in detail 
elsewhere.” 

Representative PET scans from 
each group are reproduced in Fig 3. 

The “F-6-fluorodopa uptake rate 
constants are presented in Fig 4. The 
uptake constant has been shown to de- 


crease in normal subjects in a linear 
relationship with age.'! Because of the 
strong age influence, the results have 
been plotted against age to compare 
the subjects with the regression line of 
the control group. Limits for predic- 
tion of individual values were placed at 
90% to test our hypothesis of a low 
8F-6-fluorodopa uptake at a probabil- 
ity of .05 (one sided). 

Analysis of covariance showed 
highly significant between-group dif- 
ferences (P <.001), without signifi- 
cant inhomogeneity of slopes (P = .12). 
Multiple comparisons were performed 
using the Duncan test. At an overall 
significance of P < .05, significant dif- 
ferences were found between the con- 
trol group and the ALS group, between 
the control group and the parkinso- 
nian group, and between the ALS 
group and the parkinsonian group. The 
Guamanian normal group was not sig- 
nificantly different from either the 
control group or the ALS group, but 
was significantly different from the 
parkinsonian group. 
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COMMENT 


The Guamanian parkinsonian pa- 
tients all had markedly reduced stri- 
atal '*F-6-fluorodopa uptake rate con- 
stants. Striatal '*F accumulation has 
been shown to be depressed in disor- 
ders of the presynaptic dopaminergic 
system such as Parkinson’s disease.”°?" 
Other evidence is consistent with Gua- 
manian parkinsonism being a predom- 
inantly presynaptic disorder, includ- 
ing levodopa responsiveness,” sub- 
stantia nigra neuronal loss,'? and 
reduced levels of monoamine metabo- 
lites in the cerebrospinal fluid.”*** Our 
PET findings have confirmed and ex- 
tended the previous evidence for a 
presynaptic striatal dopaminergic le- 
sion in Guamanian parkinsonism. 

The ALS group had “F-6-fluoro- 
dopa uptake rate constants intermedi- 
ate between the control subjects and 
the parkinsonian patients. None of 
these subjects had clinical parkinson- 
ism; therefore, the striatal dopamin- 
ergic dysfunction demonstrated by 
PET was asymptomatic. This finding is 
consistent with reduced cerebrospinal 
fluid monoamine metabolites that 
have been demonstrated in similar 
patients.” It could be argued that the 
presence of corticospinal and anterior 
horn cell degeneration masks the clin- 
ical features of an extrapyramidal sys- 
tem disorder. However, concurrent 
parkinsonism with ALS has been de- 
scribed on Guam!’ and in sporadic 
ALS elsewhere.” 

Because of the decreasing incidence 
of Guamanian ALS and the difficul- 
ties in transporting patients from 
Guam to Vancouver, we were unable to 
select ALS patients with the short du- 
ration of disease more typical of the 
condition. Survival up to 32 years has 
been reported in Guamanian ALS, and 
18 of 279 patients described by Rodg- 
ers-Johnson et al’ had symptoms for 
more than 10 years. It is possible that 
the long duration of disease in our pa- 
tients increased the abnormality of 
striatal 'F-6-fluorodopa metabolism; 
however, there was no trend for the 
degree of abnormality to correlate 
with longer symptom duration 
(r = .37, P = .63, Pearson). 

The selection of a control group was 
an important consideration in this 
study. We chose a Vancouver group, as 
these subjects had not been exposed to 
the Guamanian environment, and ra- 
cial differences in striatal dopamine 
metabolism have not been described. 
The Guamanian normal subjects were 
from a similar environment to that of 
the Lytico-Bodig patients, and there- 
fore were at risk for developing the 
disease. About 40% of clinically nor- 
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Fig 3.—Representative scans showing striatal uptake of '°F-6-fluorodopa in each group of Gua- 
manians and a Vancouver control subject (age, 40 years). The bar indicates radioactivity concen- 
tration in counts per second per milliliter. The images represent 30 minutes of emission data ac- 
quired during the second hour after the administration of '°F-6-fluorodopa. The Guamanian normal 
subject (subject 1) has normal striatal '°F-6-fluorodopa uptake. The Guamanian with parkinson- 
ism (patient 16) has reduced uptake. The Guamanian with amyotrophic lateral sclerosis (ALS) 
(patient 8) has uptake intermediate between that of the control subject and the parkinsonian pa- 
tient. 


o Vancouver Control Subjects 

@Guamanian Control Subjects 

4 Guamanian ALS Syndrome 
Guamanian Parkinsonian Patients 


Uptake Rate Constant, mL/Striatum - min 


Fig 4.—Striatal '°F-6-fluorodopa uptake constants plotted against age. The regression line is for 
the Vancouver control subjects (r = .80; P < .005); the curved lines indicate the limits for pre- 
diction for individual values. The limits have been set at 90% to indicate a low uptake at a prob- 
ability of .05 (one sided). ALS indicates amyotrophic lateral sclerosis. 
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mal Guamanians at age 40 years have 
neurofibrillary tangles, and about 10% 
have neuronal loss from the substantia 
nigra.” With the decreasing incidence 
of Lytico-Bodig it was more likely that 
we would find asymptomatic changes 
in older rather than younger Guama- 
nians. Although there was no statisti- 
cal difference between the Vancouver 
control subjects and the Guamanian 
normal groups, there was a trend for 
the older Guamanian normal subjects 
to have lower '*F-6-fluorodopa uptake 
constants (Fig 4). The two Guamanian 
normal subjects with uptake constants 
below the confidence limit may have 
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early asymptomatic dopaminergic le- 
sions. 

The PET demonstration of a sub- 
clinical dopaminergic lesion in Gua- 
manians with ALS (and perhaps 
in two of the Guamanian normal sub- 
jects) is similar to that seen in some 
asymptomatic individuals exposed 
to 1-methyl-4-pheny]-1,2,3,6-tetrahy- 
dropyridine.”° Thus, PET has demon- 
strated dopaminergic deficits in two 
separate groups at risk of such lesions. 
Further observation and follow-up 
scanning is needed to determine 
whether such a dopaminergic deficit is 
a precursor of clinical parkinsonism. If 
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Amyotrophic Lateral Sclerosis in 
Lancashire and South Cumbria, England, 1976-1986 


A Geographical Study 


J. D. Mitchell, FRCP; H. N. Gibson, MRCP; A. Gatrell, PhD 


e An attempt was made to identify all 
patients presenting with amyotrophic lat- 
eral sclerosis (ALS) during a 10-year pe- 
riod in Lancashire and South Cumbria, En- 
gland. An analysis of their place of resi- 
dence was made using the postal code. 
This was used to allocate each patient to 
an electoral ward. Using such small areal 
units, it was found that more cases of ALS 
had arisen than would have been expected 
by chance in several wards during the 
study period. Although the actual number 
of wards showing this effect was probably 
not increased, the significance levels sug- 
gest that the disease may not show a ran- 
dom geographical distribution. No evi- 
dence of clustering of year of birth was 
found. These findings indicate the need 
for further work seeking geographical 
clusters of ALS and are discussed in rela- 
tion to current etiological hypotheses of 
the disease. 

(Arch Neurol. 1990;47:875-880) 


With the exception of certain 

high-'* and low-incidence® foci, 
the worldwide incidence of amyo- 
trophic lateral sclerosis (ALS) has 
been found to be remarkably uniform. 
Reports of geographical clustering of 
cases have mostly been based on anec- 
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dotal observations.” Others have ex- 
amined the incidence of the disease 
more objectively over larger areas in 
England,” the United States, and 
Canada.” Some variation among coun- 
ties was found in the British study, but 
this did not achieve statistical signifi- 
cance. Indeed, there was a suggestion 
that the differences might have been 
related to ease of access to neurologi- 
cal services rather than being a pointer 
to a potential etiological agent.'° In the 
United States, the disease was found to 
be more common in rural communities 
and to occur more frequently in whites 
as opposed to nonwhites.'! The Cana- 
dian work was restricted to South- 
western Ontario. No statistically sig- 
nificant differences in annual inci- 
dence were found among counties.’ 

With increasing interest in the pos- 
sible implication of environmental fac- 
tors in the pathogenesis of several 
neurodegenerative disorders, it be- 
comes increasingly important to inves- 
tigate whether such diseases display 
any spatial pattern. Any clusters may 
only cover a small area and in the case 
of ALS would inevitably have been 
missed by previous investigators. 
Many experienced clinicians have 
formed the subjective impression that 
ALS does show a tendency to occur in 
such clusters. The validity of these ob- 
servations, however, has hitherto been 
difficult to assess objectively. 

The work described herein attempts 
to achieve this by studying the geo- 
graphical pattern of ALS in Lanca- 
shire and South Cumbria, England, 


during the 10-year period 1976 to 1986 
using an analysis based on postal 
codes. Postal codes were introduced to 
assist the automated delivery of mail 
in England and can operate at varying 
levels of geographical specificity. The 
full-unit postal code (eg, PR5 8QT) 
contains an average of only 14 
dwellings’ and may in some instances 
specify the location of an address to 
within 100 m. Methods based on the 
analysis of postal codes of patients’ 
homes, therefore, offer an attractive 
method of seeking small-scale cluster- 
ing of disease. This approach has been 
previously applied to a small group of 
72 patients with ALS resident in 
Edinburgh, Scotland, without finding 
any obvious spatial pattern.'* This pi- 
lot study, however, involved an en- 
tirely urban area, and the number of 
patients studied was comparatively 
small. It was therefore thought that a 
larger group of patients should be 
studied from a mixed urban and rural 
population, and the results of this 
work are presented herein. 


PATIENTS AND METHODS 


The Department of Neurology, Royal 
Preston Hospital, England, serves a popu- 
lation of about 1.8 million in Lancashire, 
South Cumbria, and surrounding areas. 
The records of the department were re- 
viewed and details of patients receiving di- 
agnoses of ALS between 1976 and 1986 ab- 
stracted. This yielded 123 cases. All these 
patients had been admitted to the hospital 
under the care of a consultant neurologist 
for investigation, including electromyogra- 
phy and nerve conduction studies, appro- 
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Fig 1.— Amyotrophic lateral sclerosis in northwest England by year of 


birth. 


priate blood tests, and radiological studies. 
The few patients who did not undergo my- 
elography all had an examination of the 
spinal fluid. It was clear that some patients 
presenting during the study period might 
not have been seen in the unit. Details of 
patients discharged with codes 348.0, 348.1, 
348.2, and 348.9 (International Classifica- 
tion of Diseases [ICD], 8th revision) as well 
as 335.2, 335.8, and 335.9 (ICD, 9th revision) 
were, therefore, obtained from the medical 
records officers of all district general hos- 
pitals in the region served by the depart- 
ment. Before inclusion in the study, all such 
case records were scrutinized by one of us 
(J.D.M.) to verify the diagnosis as far as 
possible. The records of 150 such patients 
were examined. Following this, the diagno- 
sis of ALS seemed well established in only 
50 cases. In 27 of these cases the diagnosis 
had been established in a similar way to the 
123 patients seen in Preston, but admission 
had been under the care of a neurologist in 
a nearby neurological center. The remain- 
ing 23 had not been seen by a neurologist. 
The diagnosis was only accepted in these 
patients if a relentlessly progressive illness 
was described with mixed upper and lower 
motor neuron signs and associated fascicu- 
lation without objective sensory changes. 
The most frequent diagnosis in the remain- 
ing 100 patients was diffuse cerebrovascu- 
lar disease with pseudobulbar palsy. Most 
of these had clearly been miscoded by clerks 
on seeing the term bulbar in the discharge 
diagnosis. A small number of cases were 
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found that would be better categorized as 
having spinal muscular atrophy rather 
than ALS. Patients in both these groups 
were excluded from the analysis. A total of 
173 cases were found in which a diagnosis of 
ALS seemed well founded. 

Each patient was classified as having 
ALS, progressive muscular atrophy, or pro- 
gressive bulbar palsy. No cases of primary 
lateral sclerosis were encountered. Year 
and month of onset, sex, and year of birth, 
were recorded. Age at onset could be de- 
duced from these data. 

The numbers of patients born in each 
year from 1895 to 1950 were compared with 
an expected value to determine whether 
there was any tendency to clustering of year 
of birth. The expected values used in this 
comparison were quinquennial and septen- 
nial means. Septennial means were used in 
addition to quinquennial means, as it was 
possible that a 7-year period would have 
provided a more objective estimate of the 
expected annual incidence than the 5-year 
one by virtue of being longer. These values 
were calculated by taking the mean inci- 
dence of new cases over the year in question 
and the 2 years before and after (quinquen- 
nial mean) and 3 years before and after 
(septennial mean). “Rolling” quinquennial 
and septennial means could thus be plotted 
and compared with observed values. 

The full postal code of each patient’s ad- 
dress at the onset of the disease was ob- 
tained by reference to directories supplied 
by the United Kingdom Post Office. The 
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Fig 2.—Age at onset of amyotrophic lateral sclerosis. 


Central Postcode Directory was used to 
convert the unit postal codes into ordinance 
survey grid references. The Central Post- 
code Directory is a machine-readable file 
that also provides a local authority ward for 
each postal code. Matching is based on ward 
centroids, which for the purposes of this 
work were as given in the 1981 United 
Kingdom Census. One potential problem of 
this approach is the inadvertent allocation 
of cases lying at the periphery of a ward to 
the wrong ward. An attempt to overcome 
such “edge effects” was made by plotting 
the grid references on large-scale digital 
maps of ward boundaries, making appro- 
priate changes to the allocation of cases 
manually where it was seen that an error 
had arisen. 

Population data were abstracted from 
the 1981 Census at district and ward levels. 
Although more recent estimates are avail- 
able, the Census data were used for refer- 
ence purposes, as the defined period of the 
study neatly straddled the census year. The 
availability of disaggregated data enabled 
the calculation of age-standardized rates. 


RESULTS 


A total of 173 patients with ALS 
were found. Two of these were ex- 
cluded as their addresses lay outside 
the study area in north Yorkshire. The 
analysis presented herein is based on 
171 patients. Of these, 106 were male 
and 65 female. Twenty-three pre- 
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sented with bulbar palsy, 28 with pro- 
gressive muscular atrophy, and 120 
with ALS. There was no significant 
variation in the numbers of cases pre- 
senting in each year of the study, and 
no evidence to suggest a seasonal inci- 
dence emerged from an analysis of the 
month of first symptom. The distribu- 
tion of year of birth is given in Fig 1. 
There is no evidence of clustering in 
relation to year of birth. Onset age is 
plotted in Fig 2, and the distribution is 
similar to that found by other workers. 

The incidence of ALS rises with age 
and is exceptionally rare below the age 
of 25 years. The population at risk for 
the purposes of this study was there- 
fore taken as being those residents of 
the study area aged 25 years or more. 
This gives an unstandardized inci- 
dence of 1.856 per 100 000 population at 
risk per year over the 10-year study 
period (Table 1). 

The age-standardized rates in the 
right-hand column of Table 1 were 
used to predict the expected incidence 
of ALS throughout the study area as- 
suming the null hypothesis that the 
distribution of the disease was even 
and that there was no tendency to geo- 
graphical clustering of cases. 


District Analysis 


All districts in Lancashire (Fig 3) 
were considered with the exception of 
West Lancashire. This district was ex- 
cluded as patients from this area were 
almost entirely referred to the neuro- 
logical service based at Walton Hospi- 
tal, Liverpool, England, during the 
study period. The Barrow and South 
Lakeland districts of Cumbria were 
included. Observed and expected num- 
bers of cases are given in Table 2. 

Sixteen patients suffered ALS dur- 
ing the 10-year period in the South 
Ribble district. The expected number 
during this period was 9.77. This dif- 
ference is statistically significant (x? 
with Yates’ correction, not significant; 
Poisson, P=.040) and mainly ac- 
counted for by the 45- to 64-year age 
group, where 10 cases were encoun- 
tered, with an expected value of 4.79 
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10. Burnley 

13. Blackburn 
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8. Ribble Valley 
11. Rossendale 
14. South Ribble 


3. Lancaster 
6. Fylde 

9. Pendle 
12. Hyndburn 
15. Chorley 





Fig 3.—Districts in Lancashire and South Cumbria, England. 


(Poisson, P = .025; x? with Yates’ cor- 
rection, P = .026). In Burnley, 17 pa- 
tients were found, although only 10.57 
were expected (Poisson, P = .040; x’ 
with Yates’ correction, not signifi- 
cant). 


Ward Analysis 


The occurrence of ALS was consid- 
ered at ward level in an attempt to in- 
vestigate the spatial distribution of 
the disease on a smaller scale. The re- 
sults of this analysis are given in Ta- 
ble 3. 

Examination of Table 3 will show 
that more cases of ALS occurred dur- 
ing the study period than would have 
been expected by chance in several 
wards. Kirkham North (Fylde) (Pois- 
son, P = .0089; x? with Yates’ correc- 
tion, P = .0011) and Tithebarn (Wyre) 
(Poisson, P = .0089; x? with Yates’ cor- 
rection, P = .0011) show particular ex- 
cesses of cases when the data for pa- 
tients with ALS of all ages are consid- 
ered. However, the situation becomes 


more interesting when the age-disag- 
gregated data are considered. 

If only patients aged 65 years or 
older are considered, it will be seen 
that two wards (Hindpool, Barrow and 
Pleckgate, Blackburn) show an excess 
of patients with ALS such that 
P < .00042 (x? with Yates’ correction). 
The finding of 2 or more wards of 338 
showing an excess of cases at this 
probability level is statistically signif- 
icant (Poisson, P = .0093). The other 
two age groups show a similar trend. 
Between the ages of 45 and 64 years, a 
significant excess of cases (x? with 
Yates’ correction, P = .00012) is found 
in Shadsworth (Blackburn). This gives 
an overall probability of P= .039 
across the whole study area when a 
correction is made for multiple proba- 
bility testing over 338 wards. In the 
group aged 25 to 44 years, a significant 
excess of cases (x? with Yates’ correc- 
tion, P = .000092) is found in Kirkby 
Lonsdale (South Lakeland). This gives 
an overall probability of P = .031 for 
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All Ages 


Blackburn 
Blackpool 
Burnley 
Chorley 
Fylde 
Hyndburn 
Lancaster 
Pendle 
Preston 


South Lakeland 
South Ribble 
Wyre 


*O indicates observed number of cases during whole 10-year study period; E, expected number of cases 


during whole 10-year study period. See text for details of statistical analysis. 


Table 3.—Ward Analysis 


No. of Cases 


Age, 225 y 
Hindpool (Barrow) 


Parkside (Barrow) 

Broughton (South Lakeland) 
Kirkby Lonsdale (South Lakeland) 
Pleckgate (Blackburn) 
Shadsworth (Blackburn) 
Tyldesley (Blackpool) 

Park (Burnley) 

Kirkham North (Fylde) 

Cadley (Preston) 

Walton-le-Dale Central (South Ribble) 
Rossall (Wyre) 


Tithebarn (Wyre) 


Age, 265 y 
Hindpool (Barrow) 
Parkside (Barrow) 
Pleckgate (Blackburn) 
Kirkham North (Fylde) 
Gisburn (Ribble Valley) 
Walton-le-Dale Central (South Ribble) 
Rossall (Wyre) 
Tithebarn (Wyre) 

Age, 45-64 y 
Shadsworth (Blackburn) 
Lanehead (Burnley) 
Park (Burnley) 
Lostock (Chorley) 

Age, 25-44 y 
Broughton (South Lakeland) 
Kirkby Lonsdale (South Lakeland) 
St Andrews (Hyndburn) 


* Probability value for Poisson distribution (summed to infinity) and for x? with Yates’ correction. NS indicates 


not significant. 
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the whole study area when a similar 
correction is made for multiple proba- 
bility testing. 


Postal Code Analysis 


Unfortunately, it was impossible to 
achieve a similar analysis based di- 
rectly on the postal code data. This was 
because reliable population data based 
on postal code sectors are not yet 
available to academic researchers in 
England. It is, however, possible that 
clusters might not conform to ward 
boundaries and might be missed if 
they straddled such boundaries, and 
the analysis was restricted to this sys- 
tem of areal units. To consider this, 
postal code sectors in which four or 
more cases were encountered during 
the study period are listed in Table 4. 

Five postal code sectors yielded four 
patients with ALS. Five cases were 
found in a single further sector. Three 
of the four patients in sector FY7 8 
differed only in the final character of 
the full unit code, implying close ag- 
gregation. This was confirmed by the 
grid references. Two cases had the 
same unit code, BB1 8LL (Pleckgate, 
Blackburn). This area has already 
been shown to have a significant ex- 
cess, particularly for the age group 
over 65 years in the analysis based on 
local authority ward. The age at onset 
seems randomly distributed in all sec- 
tors listed in Table 4, and there is 
nothing to suggest clustering for this 
measure, as seemed to occur in the 
ward analysis. 


COMMENT 


To our knowledge, this is the first 
specific examination of the geographi- 
cal distribution of ALS on sucha small 
scale. The average population at risk 
(ie, age 25 years or older) in each ward 
is only 2725; when only those older 
than 65 years old are considered this 
falls to 723. } 

Although small regional variations 
in the incidence and anecdotal ac- 
counts of clusters of ALS have been 
previously reported, this is the first 
time that clear evidence has emerged 
that ALS shows a significantly raised 
incidence in small areas even if the 
number of such areas is probably no 
greater than would have been expected 
on a chance basis. No evidence of clus- 
tering of year of birth was found, as 
has recently been described in another 
neurodegenerative disorder, Parkin- 
son’s disease." 

Numbers in any study such as this 
are likely to be small, and the validity 
of such analyses depends on 100% case 
ascertainment. Although this can 
probably never be achieved in practice, 
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Blackpool (South) 



















Fleetwood 


Barrow-in-Furness (North) 





Kirkham-le-Fylde 


Bamber Bridge (Preston) 


Table 4.—Postal Code Analysis * 








Lower Penwortham (Preston) 








Unit Age at 
Code Onset, y 


FY1 6AA 
FY1 6JP 
FY1 6RW 
FY1 6SB 
FY7 8HS 
FY7 8NH 
FY7 8NR 
FY7 8NY 
LA14 5HH 
LA14 5PL 
LA14 5RU 
LA14 5SL 
PR1 9AN 
PR1 9TE 
PR1 9UJ 
PR1 9YN 
PR4 2AR 
PR4 2PH 
PR4 2SE 
PR4 2XA 
PR5 6EP 
PR5 6QE 
PR5 6QU 
PR5 6RJ 
PR5 6ZL 















































































* Sectors in which amyotrophic lateral sclerosis developed in four or more patients during the study period. 


the annual incidence of new cases im- 
plied by the results presented herein 
(1.856 per 100000 population at risk 
per year) suggests that a large propor- 
tion of cases have been identified. An 
additional factor in relation to the 
rather low overall incidence of the dis- 
ease in this study are the rigorous cri- 
teria that were applied before a pa- 
tient was included. This may have re- 
sulted in a small number of patients 
with ALS having been excluded from 
the analysis, but this was considered 
preferable to the inclusion of dubious 
cases, which may have resulted in 
false-positive conclusions. 

The data presented herein depend on 
the patient’s address as registered at 
the onset of the disease. This clearly 
does not consider previous domiciles 
and migration, which may be equally 
important in terms of earlier exposure 
to possible environmental influences. 
Unfortunately, migration histories 
were not available for the patients 
studied, but the migration data in the 
1981 census suggest that the popula- 
tion encompassed by this work is a 
stable one in United Kingdom terms. 
Specifically, the percentages of those 
aged 44 years and over in 1981 whose 
address differed from that in 1980 
varied from about 3.5% to 6%. A com- 
parable figure for the United Kingdom 
population as a whole is approximately 
8%. This may be as high as 15% ina 
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highly mobile population. Clearly, 
ALS is a disease of the elderly, and all 
these figures fall by a factor of up to 3 
with increasing age. No information is 
available from the Census concerning 
longer-term migration. 

It is important to be wary of attach- 
ing undue significance to areas in 
which an apparently increased inci- 
dence of ALS is found. As has been 
said, numbers of patients are inevita- 
bly low in work such as this. Addi- 
tional problems result from the study 
of sparsely populated sectors. Table 3 
shows that a significant excess of cases 
arose in the group aged 25 to 44 years 
in Kirkby Lonsdale. This, however, re- 
sults from only a single case arising in 
a population of 407. While it would ob- 
viously be unwise to regard this as an 
important finding, the results in other 
more populous wards in which larger 
numbers of patients with ALS were 
encountered cannot be dismissed as 
easily. Particular examples are Shads- 
worth (Blackburn) in those aged be- 
tween 45 and 64 years as well as Hind- 
pool (Barrow) and Pleckgate (Black- 
burn) in the group aged 65 years and 
older. Three cases were found to have 
occurred in each of these wards during 
the study period in populations rang- 
ing from 1103 to 1400. It seems curious 
that the disease might have a predi- 
lection to affect different age groups in 
each of these areas. 


The statistical analysis of data for 
geographical clustering is difficult. It 
is for this reason that the results of 
this work are presented using two 
methods of analysis, the Poisson dis- 
tribution and x? with Yates’ correction. 
The collection of information from 338 
wards introduces particular problems 
in view of the risk of introducing arti- 
facts of multiple statistical analyses 
into the results. The development of 
ALS in a given individual is a rare 
event. The theoretical derivation of the 
Poisson distribution is designed for 
such situations, and, in theory, correc- 
tion for multiple analyses should not 
be required using this approach. By 
contrast, such precautions are clearly 
needed using methods based on the x? 
distribution. Even considering this, a 
number of wards show a significant 
excess of cases that may not be ex- 
plained by a random variation of the 
incidence of the disease. The only ca- 
veat in this statement is that the use of 
x? methods does imply a symmetrical 
binomial distribution, which might 
not be really appropriate for the 
skewed distributions observed herein. 
Such techniques have, however, been 
previously used for the statistical 
analysis of data such as these. In gen- 
eral terms, we consider the Poisson 
distribution probably the most appro- 
priate method of testing the signifi- 
cance of the data presented herein, but 
it is in view of these considerations 
that both approaches to the statistical 
analysis of this work have been pre- 
sented. 

Attention has been recently drawn 
to the syndromic nature of ALS and 
the possibility that the disease may 
not result from a single cause.'* A clin- 
ical picture mimicking ALS is de- 
scribed in relation to lead and mercury 
poisoning, paraprotein-aemia, and dis- 
turbed calcium metabolism. Dietary 
consumption of toxic amino acids has 
been implicated in some Pacific forms 
as well as lathyrism, a disorder clini- 
cally resembling primary lateral scle- 
rosis. It is possible that the observed 
tendency for patients in differing age 
groups to aggregate in distinct areas 
represents collateral evidence that a 
range of environmental factors might 
be important in the pathogenesis of 
ALS. 

It is unfortunate that the nonavail- 
ability of reliable population data 
based on postal code sector prevents a 
primary analysis of the postal code 
data along the same lines as that 
described for local authority wards. 
Although the average total population 
of postal code sectors is estimated to be 
about 6200," and, thus, a little larger 
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DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30mg 60 mg 90 mg 120 mg 

Sign/Symptom (n=82) (n=71) (n= 494) (n=172) (n=4) (n= 479) 
Nausea 1 (1.2) 1 (1.4) 6 (1.2) 1(0.6) 0 0 
Dyspnea 1 (1.2) 0 0 0 
EKG 

Abnormalities 0 1 (1.4) 0 1(0.6) 0 0 
Tachycardia 0 1 (1.4) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1(0.6) 0 0 
Muscle Pain/Cramp 0 1 (1.4) 1 (0.2) 1(0.6) 0 0 
Acne 0 1 (1.4) 0 0 0 0 
Depression 0 1 (1.4) 0 0 0 0 
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intravascular coagulation; deep vein thrombosis. 
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calcium channel blockers. It must be noted, however, that SAH is frequently accompanied by 
alterations in consciousness which lead to an under reporting of adverse experiences. Patients 
who received nimodipine in clinical trials for other indications reported flushing (2.1%), 
headache (4.1%) and Auid retention (0. 3%), typical responses to calcium channel blockers. Asa 
calcium channel blocker, nimodipine may have the potential to exacerbate heart failure in 
susceptible patients or to interfere with A-V conduction, but these events were not observed. 

No clinically significant effects on hematologic factors, renal or hepatic function or carbohy- 
drate metabolism have been causally associated with oral nimodipine. Isolated cases of non-fast- 
ing elevated serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet counts 
(0.3%), elevated alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.2%) have been 


reported rarely. 
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Electrodiagnostic Abnormalities in 113 Consecutive 


Patients With Guillain-Barré Syndrome 


Allan H. Ropper, MD; Eelco F. M. Wijdicks, MD; Bhagwan T. Shahani, MD 


èe We performed electrodiagnostic 
tests on 113 consecutive patients with 
acute Guillain-Barré syndrome (103 within 
3 weeks of onset). The most common mo- 
tor conduction abnormalities were proxi- 
mal conduction block alone (27%), proxi- 
mal block associated with a distal lesion 
(27%), and generalized slowing (22%). 
Other combinations of abnormalities each 
occurred in fewer than 10% of patients. 
Thirty-seven percent of patients initially 
had normal sensory nerve conduction 
study results, most often in association 
with proximal conduction block. The char- 
acteristic early electrodiagnostic changes 
in Guillain-Barré syndrome were often 
present when cerebrospinal fluid protein 
concentration was still normal. Extensive 
early fibrillations occurred in 10 patients, 
6 of whom recovered well. Patients with 
early generalized slowing of motor nerve 
conduction velocity, combined abnormal- 
ities, or low muscle action potential ampli- 
tudes in ulnar, median, and peroneal 
nerves generally, but not always, had 
poorer outcomes than patients with con- 
duction block in one nerve segment. There 
was no consistent relationship between 
results of electrophysiologic studies and 
overall clinical grade or limb power, ex- 
cept that none of the patients with an iso- 
lated proximal block had virtual or com- 
plete paralysis in the same limb. 

(Arch Neurol. 1990;47:88 1-887) 


Hy ectrophysiologic studies have be- 

come invaluable in the diagnosis 
and understanding of the acute Guil- 
lain-Barré syndrome (GBS).'° The 
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findings of conventional electrophysi- 
ologic studies in acute GBS have been 
expanded by an appreciation of more 
specific abnormalities, such as proxi- 
mal conduction block.*!* In large ear- 
lier series of GBS, approximately one 
third of patients had normal results of 
conventional nerve conduction studies 
because late response abnormalities 
and conduction block were not 
appreciated.'’*"© In contrast, Albers 
and colleagues‘ found completely nor- 
mal study results in only 1 of 70 con- 
secutive patients with GBS if late re- 
sponses were evaluated in addition to 
extensive conventional nerve conduc- 
tion studies and needle electromyogra- 
phy. 

Because most clinical diagnostic di- 
lemmas in GBS occur in the first sev- 
eral weeks of illness, we performed as 
complete an electrophysiologic study 
as possible in a prospectively collected 
consecutive series of patients. We 
sought to characterize the frequency of 
the major patterns of electrophysio- 
logic abnormalities and to correlate 
each pattern with clinical features of 
the disease. 


PATIENTS AND METHODS 


We performed electrophysiologic studies 
on a consecutive series of 113 patients from 
a prospectively studied series of 120 exam- 
ined by one of the authors (A.H.R.) between 
1982 and 1988. There were 76 men and 37 
women with a mean age of 45 years (range, 
13 to 84 years). Of these, 103 underwent 
electrodiagnostic studies in our laboratory 
within 3 weeks of onset. Thirty-five patients 
were grade 5 on the day of electrophysio- 
logic study (patients requiring mechanical 
respiratory support), 49 were grade 4 (bed- 
or chair-bound), 17 were grade 3 (walking 5 
meters with assistance), and 12 were grade 
2 (able to walk independently) (grading 
scale from Hughes et al”). Further clinical 
details of these patients are reported in an- 


other publication." Criteria for the clinical 
diagnosis of GBS included progressive limb 
weakness over 3 weeks or less, distal limb 
paresthesias, absent tendon reflexes, Fish- 
er’s syndrome, or a purely motor variant of 
GBS without paresthesias or sensory loss. 

We performed as extensive an electro- 
physiologic evaluation as was allowed by 
each patient’s condition and by the time 
available for testing. Electrodiagnostic 
studies consisted of motor and sensory 
nerve conduction studies in the arms and 
legs, late responses from several nerves 
(H-reflex and F-response), and needle elec- 
tromyography of at least four muscles. 
Blink reflexes, R-R testing (variation in the 
interval between adjacent QRS complexes), 
and sympathetic skin responses were per- 
formed in a subgroup of patients. Maximal 
motor conduction velocity, distal latency, 
amplitude and duration of compound mus- 
cle action potential (CMAP) in the ulnar, 
median, and peroneal or tibial nerves were 
considered abnormal when values were be- 
yond 3 SDs from our laboratory means. Dis- 
tal stimulation was carried out at the wrist 
and ankle. The elbow to wrist and knee to 
ankle segments were used to calculate con- 
duction velocities. 

Stimulating electrodes placed around the 
second and fifth digits were used to evoke 
sensory action potentials at the wrist from 
the median and ulnar nerves, respectively. 
Computer averaging was used to determine 
the size of low-amplitude sensory re- 
sponses. Skin temperature was maintained 
above 32°C. 

F-responses, elicited by supramaximal 
stimulation, were recorded 10 times for 
each test, and considered abnormal if de- 
layed for the patient’s height, dispersed 
with a maximum to minimum latency dif- 
ference of more than 3 milliseconds in the 
arms or 5 milliseconds in the legs, or im- 
persistent with fewer than 6 responses to 10 
stimuli. A variety of facilitation tech- 
niques, including slight background volun- 
tary activity, were attempted before con- 
cluding that late responses were absent. 
For determination of H-reflex latencies, the 
surface electrodes were placed over the me- 
dial soleus muscle below the level of the 
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lower margin of the medial gastrocnemius 
muscle, as described previously.'! The tibial 
nerve was stimulated in the popliteal fossa 
by adjusting the position of the surface 
stimulating electrode and monitoring the 
amplitude of the direct motor response un- 
til the site with the lowest threshold was 
identified. 

We examined ulnar, median, and pero- 
neal or tibial nerves in 82 patients (73% ); 
ulnar or median and peroneal or tibial mo- 
tor nerves in 30 patients (27% ); and ulnar 
nerve only in 1 patient. Both sides were 
tested in almost all patients. We tested 
sensory nerves in the arms and legs in 91 
patients (81%), and only one arm or leg 
nerve in 16 (14%); sensory testing was not 
performed in 6 (5%). 

Blink reflexes were recorded by electrical 
stimulation of the supraorbital nerve with 
single square-wave pulses of 0.1 millisec- 
onds and 10 to 50 V. Surface electromyog- 
raphy electrodes were taped to the skin, 
1 cm apart, over the outer two thirds of the 
inferior orbicularis oculi muscle. Minimum 
latencies of the first (R,) and second (R,) 
components of the blink reflex were mea- 
sured on both sides with normal limits at 3 
SDs from normal. 

Unmyelinated sympathetic efferent fi- 
bers were evaluated by using the sympa- 
thetic skin response (SSR), with methods 
described previously." Bipolar surface elec- 
trodes were placed on the palm and dorsum 
of the foot or on both. Stimuli consisted ei- 
ther of a deep inspiration or single electri- 
cal stimuli of 0.1 milliseconds and 5 to 20 
mA delivered to the skin. Amplifier filters 
were set at 0.1 to 200 Hz and temperature 
was maintained at 36°C to 37.5°C. The SSR 
was considered abnormal only when absent. 

The interval between successive electro- 
cardiographic QRS complexes was mea- 
sured by triggering an oscilloscope sweep 
with alternate R waves. The R-R variation 
at rest and in response to deep breathing 
was considered abnormal if over 3 SDs from 
our laboratory mean, after correction for 
the patient’s age. 

We categorized the major motor nerve 
abnormalities as follows: 

1. A distal lesion indicated greater than 
15% increase in duration of CMAP or in- 
creased distal motor latency on distal stim- 
ulation, with motor nerve conduction veloc- 
ity above 80% of the lower limit of normal. 

2. A distal conduction block indicated 
decreased CMAP amplitude (median or ul- 
nar CMAP, <4000 „V; peroneal or tibial 
CMAP, <2000 uV) in at least two nerves, 
with normal motor nerve conduction veloc- 
ity, duration of CMAP, and distal motor la- 
tency. 

3. A proximal conduction block indicated 
absent F waves or decreased F-wave per- 
sistence in the presence of motor nerve 
conduction velocity above 80% of the lower 
limit of normal, and no distal or intermedi- 
ate block in the same nerve. 

4. An intermediate conduction block in- 
dicated greater than 40% reduction be- 
tween distal (D) and proximal (P) stimula- 
tion sites, specifically in the following ratio: 


[CMAP (D) — CMAP (P)]/[CMAP (D)] x 100 
with less than 10% difference in duration 
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between sites without distal conduction 
block, inereased duration, or distal motor 
latency in the same nerve, per Miller et al.” 

5. Generalized slowing indicated maxi- 
mum motor conduction velocity below 80% 
of the lower limit of normal in at least two 
of the median, ulnar, peroneal, or tibial 
nerves (Table 1). 

6. Absent response indicated no evoked 
motor response with distal stimulation 
sites in at least three nerves. 

7. Multiple abnormalities indicated a 
combination of two or more of abnormali- 
ties 1 through 4, above; the same combina- 
tion was found in at least two nerves. 

8. Denervation indicated at least two 
muscles in the arms and two in the legs 
were examined for spontaneous activity in 
the form of fibrillation potentials and/or 
positive sharp deflections, using the follow- 
ing scale: 1+ indicates sporadic fibrillation 
potentials; 2+, sustained fibrillation po- 
tentials in different parts of the same mus- 
cle; 3+, profuse fibrillation potentials in 
different parts of the same muscle (usually, 
one or more motor units could be recruited 
with maximal voluntary effort); and 4+, 
profuse fibrillations with no voluntary ac- 
tivity. 

RESULTS 


The distribution of motor and sen- 
sory nerve conduction velocities and 
the distal motor latencies in the me- 
dian, ulnar, peroneal, and sural nerves 
are illustrated in Fig 1. The number of 
patients with absent responses, and 
the mean values in those with re- 
sponses, are summarized in Table 1. 


Motor Nerve Abnormalities 


The most common early findings 
were isolated proximal conduction 
block alone in at least two nerves 
(27% ), proximal block in combination 
with a distal lesion (27% ), and gener- 
alized slowing (22% ). Proximal block 
was associated with distal block in an 
additional 10%, making the combina- 
tion of a proximal and a distal abnor- 
mality (either a lesion or block) the 
most common pattern (Table 2). 

Two patients had inexcitable motor 
nerves in all nerves tested. In four 
others, motor responses were absent in 
at least two nerves, two with diffuse 
slowing in other nerves, and two with 
increased distal motor latencies or 
proximal conduction block in other 
nerves. Only one patient, with a pha- 
ryngeal-cervical-brachial variant of 
GBS, had normal results on the first 
day of illness, but prolonged F-re- 
sponse latencies were demonstrated in 
several nerves two days later.” 


Sensory Nerve Abnormalities 


Forty (87%) of 107 patients had 
normal sensory nerve latencies, ampli- 
tudes, and velocities in two or more 
nerves. Four had a pure motor variant 


of GBS with no sensory symptoms, 
signs, or sensory electrophysiologic 
abnormalities. Normal sensory nerve 
conduction study results occurred in 
two thirds of patients with isolated 
proximal block but were uncommon 
among those with generalized slowing 
(Table 3). 


Electromyography 


Two of 105 patients had sporadic 
(1+) fibrillation potentials. Ten had 
more extensive denervation (2+, 3+, or 
4+) in at least 2 muscles in the arms 
and legs (Table 4). Six of these patients 
had good recoveries (at 3, 6, 7, 7, 11, and 
12 months). Two patients had no motor 
response with 3+ and 4+ denervation 
3 and 16 days after the initial exami- 
nation, respectively. Both also had dis- 
tal lesions and proximal conduction 
block. These patients remained wheel- 
chair-bound after 2 years. 


Motor Nerve Abnormalities Related to 
Day of Testing and Cerebrospinal Fluid 
Protein 


The timing of electrophysiologic ab- 
normalities is summarized in Table 5. 
Isolated proximal conduction block 
and multiple abnormalities were the 
most frequent patterns in the first 
week. In the second week, multiple ab- 
normalities and generalized slowing 
were more frequent. Five (12% ) of the 
41 patients tested within the first week 
of illness had severe diffuse slowing. 

Of the 30 patients with normal cere- 
brospinal fluid protein levels within 
the first 3 weeks, 5 had prolonged or 
impersistent F-responses, 5 had ab- 
sent F-responses, and 20 had a variety 
of other abnormalities. 


Relation of Electrophysiologic Findings 
to Clinical Features 


There was no relationship between 
the overall clinical grade” at the time 
of testing and major electrodiagnostic 
categories, although patients with an 
isolated proximal conduction block 
were more often able to walk (Table 6). 
There was also no consistent relation- 
ship between the degree of F-response 
abnormalities and the degree of prox- 
imal weakness, measured by the MRC 
scale (0 to 5), in the same limb on the 
day of the electrodiagnostic study, ex- 
cept that none of the patients with an 
isolated proximal conduction block 
had a plegic limb (grade 0 or 1). (A re- 
lationship was not anticipated since 
late responses were elicited from distal 
muscles and clinical testing was of 
proximal limb power.) 

A synopsis of motor electrophysio- 
logic findings in relation to clinical 
GBS variants appears in Table 7. All 
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were physically independent or until 
they ceased improving (6 to 37 
months). Patients with generalized 
slowing and multiple lesions generally 
had poorer outcomes, requiring ortho- 
sis or appliances more often than pa- 
tients with conduction block in one 
segment (Table 9). Most patients with 
very low CMAP amplitude in median 
motor, ulnar motor, and peroneal mo- 
tor nerves recovered (Table 9). Each 
subset of electrodiagnostic abnormal- 
ities had too few patients to make cat- 
egorical statements, but patients with 
early proximal conduction block gen- 


Table 7.—Electrodiagnostic Findings in Clinical Variants 


No. of 
Patients 


Motor 
Abnormalities * 


No. With Sensory 
Abnormalities 


Pharyngeal-cervical-brachial 1 Normal 


ee aaaaaaaiŘiiiIaaaaaasasaasasasasasast 


Fisher's syndromet 1 PCB and DL } 3 
2 PCB 
3 


DL and PCB 
PCB 
DL and PCB 


Slowing in legs; 
normal studies in arms 


Pure motor Slowing 
PCB 
DCB and PCB 


1 
1 
With ophthalmoplegia 1 
Paraparetic 2 





erally had favorable outcomes. Out- 
comes were similar in patients with 
initially normal sensory study results 
and those with absent or slowed sen- 
sory nerve conduction. 


COMMENT 


This study of consecutive patients, 
with as comprehensive an electrodiag- 
nostic testing as we were able to per- 
form, demonstrated three main pat- 
terns: isolated proximal conduction 
block, proximal block coupled with a 
distal lesion or distal block, and gen- 
eralized slowing, each in approxi- 
mately a quarter to a third of patients. 
Similar to Kimura” and to Brown and 
Feasby,* our categorization of motor 
abnormalites was based partly on 
changes in late responses. Abnormal F 
waves were more sensitive than ele- 
vated CSF protein levels in confirming 
the diagnosis of early GBS in our 
series. Ten of 30 patients with normal 
CSF protein levels had abnormalities 
of F-responses alone, and the remain- 
der had a variety of other abnormali- 
ties. 

Several groups have described the 
distribution of F-response abnormali- 
ties in GBS in small numbers of 
patients,**!° but larger series have 
generally not delineated the site of 
motor conduction block or clarified the 
relative frequencies of the character- 
istic abnormalities.* Our designations 
of “proximal,” “intermediate,” and 
“distal” motor conduction block were 
oversimplifications because the entire 
corresponding segments were not 
studied, but these useful abstractions, 
defined by constellations of findings on 
routine electrophysiologic testing, de- 
scribe the regions of major motor 
block. The frequent combination of dis- 
tal and proximal nerve segment ab- 
normalities, approximately 40% in our 
series, was similar to Kimura’s 
observations.” This may reflect the 
multifocal distribution of inflamma- 
tory and demyelinating lesions in 
GBS,” but a correlative pathology 
study has not been performed. There 
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* PCB indicates proximal conduction block; DL, distal lesion; ICB, intermediate conduction block; and DCB, 


distal conduction block. 


tThree other cases progressed to generalized Guillain-Barré syndrome. 
Increased F-wave latencies in several nerves on repeated electromyography 3 days after onset. 


Table 8.—Clinical Features and Sympathetic Skin Response (SSR) and 
R-R Interval Testing 


Clinical features 
Progression to maximum weakness 
<7 d 
>7 d 
Quadriplegia 
Respirator 


Electrodiagnostic features 
Diffuse slowing 


Multiple abnormalities 

isolated proximal conduction block 
Absent sensory response 
Fibrillation potentials 

Abnormal blink responses 


was a correlation between distal laten- 
cies in several nerves in a given patient 
(including with blink reflex latencies 
discussed below), perhaps suggesting 
that distal demyelinating lesions are 
widespread in GBS. 

The wide distribution of conduction 
velocities was skewed toward normal 
values, resulting in mean velocities for 
the group that were close to normal. 
Severe generalized slowing of motor 
conduction, more typical of chronic 
demyelinating neuropathies, occurred 
in one quarter of patients, a slightly 
higher incidence than in some other 
series. Five of our patients had pro- 
nounced slowing in the first week of 
illness. Patients with severe general- 
ized slowing recovered similarly to 
those with isolated conduction block, 
suggesting, as have others, that severe 
slowing has no absolute predictive 
value for recovery.*?'>?4 Further- 
more, progressive slowing can occur 
during clinical improvement,’ often 


No. of Patients 
oo - rrOO/"?——_—_?”—___00— 
Abnormal-SSR Normal SSR or 
or R-R Interval R-R Interval 
(n = 12) (n = 14) 





unrelated to the severity of weakness." 
Early slowing of conduction in GBS 
may represent a well-advanced con- 
duction block in several segments, 
therefore not necessarily implying ex- 
tensive myelin damage. 
Approximately 40% of our patients 
with otherwise typical GBS had nor- 
mal sensory nerve conduction in sev- 
eral nerves. This predilection for mo- 
tor compared with sensory abnormal- 
ities has been shown by others.3*!4 
Abnormal results of sensory conduc- 
tion studies, generally occurring in 
patients with marked motor abnor- 
malities, were relatively less common 
in patients with isolated proximal con- 
duction block and more common 
among those with generalized slowing. 
Van der Meche et al? have also linked 
normal sensory study results to con- 
duction block. Sensory conduction 
block may not be detected by current 
conventional tests. Somatosensory 
evoked potentials, a technique that can 
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Fig 2.—Correlation of blink R, response latencies to median motor nerve distal latencies measured 
on the same day in 34 patients (r = .65; P < .01). 






Table 9.—Outcome in Electrodiagnostic Findings of 86 Consecutive Patients Tested 
Within 2 Weeks of Illness * 


Electrodiagnostic Good Poor 
Findings Recovery Outcome Death 
Multiple abnormalities (n = 33) 23 9 1 
Median motor amplitude = 1000 uVt 11 5 1 
Proximal conduction block (n = 24) 22 1 1 
Intermediate conduction block (n = 1) 1 0 0 
Normal (n = 1) 1 0 (0) 


* All data are numbers of patients. Good recovery indicates walking without impediment and independent 
self-care, but with possible minor weakness or paresthesias. Poor outcome includes braces, splints, crutches, 


or wheelchair-bound. 
tAll patients. 


demonstrate proximal sensory con- 
duction block, have been abnormal ap- 
proximately as frequently as F waves, 
and more frequently than results of 
conventional sensory studies in 
GBS.?*6 

Early fibrillations occurred in ap- 
proximately 10% of patients, fre- 
quently in conjunction with complete 
distal or proximal conduction block or 
generalized slowing. Some of these pa- 
tients made virtually complete recov- 
eries and had little or no muscle wast- 
ing. This may indicate that fibrilla- 
tions are not always associated with 
extensive axonal loss in GBS. 

Four patients had absent motor re- 
sponses in several nerves, similar to 
the acute axonal form of GBS de- 
scribed by Feasby et al.’ The morpho- 
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logic evidence they have presented 
suggested that axonal loss occurred 
without primary demyelination. How- 
ever, two of our patients with rapidly 
evolving GBS and the features of “ax- 
onal GBS” had initial conduction block 
that progressed to no elicitable motor 
response on subsequent studies, sug- 
gesting that demyelination preceded 
an axonal lesion. Miller et al” have 
discussed the difficulty in distinguish- 
ing avery distal conduction block from 
axonal loss in four of their patients. 
The pattern compatible with a distal 
conduction block (an unusual finding 
in our series) may be difficult to dis- 
tinguish from an axonal lesion. How- 
ever, taken in the context of the con- 
sistent association with proximal 
block in our patients and findings in 


other nerves typical of demyelination, 
the decreased CMAP amplitude with 
normal velocity, duration, and latency 
that we designated “distal block” 
seems more likely to have been the re- 
sult of a demyelinating block. 

Blink reflex abnormalities have not 
been systematically studied in GBS.**”” 
Almost half of our patients with typi- 
cal GBS had delay of the first compo- 
nent R,, probably reflecting slowing of 
facial nerve conduction. Virtually all 
patients with prolonged R, latencies 
had facial weakness, making these 
tests only confirmatory. The selection 
biases in this series, however, limit the 
conclusions that may be drawn. As 
noted above, the correlation between 
blink reflex and median motor nerve 
distal latencies suggest that distal de- 
myelination, when it occurs in GBS, 
progresses in parallel in many nerves. 

Half of our patients tested also had 
abnormalities of SSRs and decreased 
variation of R-R intervals. Quadriple- 
gic patients and patients with severe 
slowing of motor nerve conduction 
were most likely to show these abnor- 
malities. It is not clear if R-R interval 
tests can predict the development of 
serious dysautonomia, because none of 
the patients tested had major clinical 
autonomic manifestations. 

The regional and functional variants 
of GBS had findings similar to typical 
cases, although in many instances the 
electrophysiologic changes were iso- 
lated to the clinically affected regions. 
As in Fross and Daube’s study,” pa- 
tients with Fisher’s syndrome had a 
predominantly, but not entirely, sen- 
sory neuropathy. There was also a 
clinically purely motor type of GBS in 
which normal conventional sensory 
electrophysiologic testing corrobo- 
rated normal sensory clinical exami- 
nations. 

This large consecutive series of pa- 
tients, most with early disease, dem- 
onstrated three characteristic electro- 
physiologic patterns that confirmed 
the early clinical diagnosis of typical 
and atypical GBS. The value of elec- 
trophysiologic tests for prognostica- 
tion remains unclear; however, iso- 
lated proximal block was generally a 
good sign and was never associated 
with complete paralysis in the same 
limb, and early fibrillations did not in- 
variably predict a poor outcome. Elec- 
trophysiologic changes were wide- 
spread in the peripheral nervous sys- 
tem. 


Didier Cros, MD, of the Massachusetts General 
Hospital reviewed the manuscript, and Michael 
Hirsch, Dartmouth University, Hanover, NH, as- 
sisted in organizing the data. 
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Carbamazepine-10,11-Epoxide in Epilepsy 


A Pilot Study 


Torbjörn Tomson, MD; Ove Almkvist, BSc; Bengt Y. Nilsson, MD; 
Jan-Olof Svensson, Engr; Leif Bertilsson, PhD 


@ The effects of carbamazepine-10, 11- 
epoxide, an active metabolite of carba- 
mazepine, were evaluated in seven outpa- 
tients with frequent epileptic seizures. The 
study included an initial 4-week period 
with the carbamazepine dose optimized 
for each patient. Patients were then 
crossed over, dose by dose, to carba- 
mazepine-10,11-epoxide and followed up 
for another 4 weeks. Dosing was single 
blind. The evaluation of the anticonvulsant 
effect was hampered by marked fluc- 
tuations in plasma levels during treat- 
ment with carbamazepine- 10, 11-epoxide. 
There was, however, no significant 
change in seizure control. During epoxide 
treatment, no subjective side effects were 
reported despite epoxide plasma concen- 
trations up to 57 mol/L. Neuropsycho- 
logical assessment revealed a significant 
improvement in finger motor speed and 
logical reasoning during the carba- 
mazepine-10,11-epoxide period. Subnor- 
mal serum sodium levels in two patients 
were normalized after switching from car- 
bamazepine to the epoxide. Continued in- 
vestigations with this active metabolite of 
carbamazepine in epilepsy are therefore 
justified. 

(Arch Neurol. 1990;47:888-892) 
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(Carbamazepine is a first-line drug in 
the treatment of epilepsy’ and 
trigeminal neuralgia? and is now also 
frequently used in bipolar depression.’ 
Carbamazepine is metabolized to car- 
bamazepine-10,11-epoxide, which is an 
active metabolite that appears in 
plasma at concentrations of 10% to 
40% of the parent compound.’ The 
possible contribution of this metabo- 
lite to the effects of carbamazepine 
therapy has recently been debated 
intensely. It is a common opinion 
that carbamazepine-10,11-epoxide to a 
large extent contributes to the side ef- 
fects of carbamazepine therapy. 
Schoeman et alé have suggested that 
neurotoxic side effects are a rule in pa- 
tients treated with carbamaze- 
pine when carbamazepine-10,11-epox- 
ide levels exceed 9 wmol/L. Rosenfeld 
et al’? claimed that all patients with 
epoxide concentrations of 15 wmol/Lor 
more during carbamazepine treat- 
ment were either clinically intoxicated 
or unable to complain owing to mental 
retardation. These and other authors 
recommend routine monitoring of car- 
bamazepine-10,11-epoxide plasma lev- 
els to control for side effects of car- 
bamazepine therapy. The high epoxide 
concentrations in these studies oc- 
curred almost exclusively in patients 
treated with carbamazepine in combi- 
nation with other drugs, eg, phenytoin, 
which induce the epoxidation of car- 
bamazepine. Hence, it was not possible 
to determine if the observed side ef- 
fects were caused directly by the drug 
given in addition to carbamazepine or 
by the high epoxide levels. 
A reliable assessment of the effects 


of carbamazepine-10,1l-epoxide re- 
quires direct administration of the ep- 
oxide to patients. In the only previous 
study of carbamazepine-10,11-epoxide 
given as such to patients, we found a 
potent pain-relieving effect in trigem- 
inal neuralgia, and no side effects were 
observed.” We now report the results 
of a pilot study of carbamazepine- 
10,11-epoxide in the treatment of epi- 


lepsy. 


PATIENTS AND METHODS 
Patients 


The study included seven adult outpa- 
tients (aged 21 to 56 years) with complex 
partial seizures with or without secondary 
generalization. All patients had at least five 
seizures per month before the study despite 
optimal treatment with carbamazepine 
given in combination with one or two other 
antiepileptic drugs (Table 1). The carba- 
mazepine dosage was unchanged for at 
least 6 weeks before the study. The duration 
of epilepsy ranged from 6 to 41 years. 
Patients with brain tumors and progressive 
brain disorders were excluded. 


Study Design 


The study had a single-blind crossover 
design. Patients were followed up during a 
first 4-week period with their original opti- 
mal carbamazepine treatment dosed four 
times a day (7 AM, noon, 5 PM, and 10 PM; pe- 
riod A). During the subsequent week they 
were switched over, dose by dose, from 
carbamazepine to carbamazepine-10,11-— 
epoxide therapy four times a day. This was 
followed by a 1-week washout period of 
possible carbamazepine effects and there- 
after by a 4-week observation period with 
carbamazepine-10,ll-epoxide (period B). 
The study design is illustrated in Fig 1. Pa- 
tients were kept unaware of changes in the 
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Table 1.—Dosage and Plasma Concentrations of Carbamazepine and Carbamazepine- 10, 11-Epoxide 
During Two Treatment Periods in Seven Epileptic Patients * 










Plasma Concentration, mol/L Concomitant Therapy 

-_—_—_—_--—r--—-—-—--->->>! ————LL MM 
Patient Treatment Active Drug Therapy, Carbamazepine- Plasma Concentration, 
No. Period mg/d Carbamazepine 10,11-epoxide Drug, mg/d pmol/L 


Carbamazepine, 1200 35 6.2 Phenytoin, 200 8 























> 





B Carbamazepine- 10, 11-epoxide, 1200 0 15 Phenytoin, 200 10 
2 A Carbamazepine, 1200 26 6.1 Phenytoin, 50 17 
B Carbamazepine-10,11-epoxide, 1200 (0) 27 Phenytoin, 50 17 
3 A Carbamazepine, 800 44 8.2 Phenobarbital, 50 46 
B Carbamazepine- 10, 11-epoxide, 800 (0) 29 Phenobarbital, 50 45 
4 A Carbamazepine, 1400 32 6.7 Phenobarbital, 25 15 
B Carbamazepine-10,11-epoxide, 1400 0 23 Phenobarbital, 25 17 
5 A Carbamazepine, 1200 24 8.4 Phenytoin, 200 40 
B Carbamazepine-10,11-epoxide, 1200 0) 32 Phenytoin, 200 38 
6 A Carbamazepine, 1200 31 6.9 Clonazepam, 1 0.024 
B Carbamazepine-10,11-epoxide, 1200 0 28 Clonazepam, 1 0.020 
7 A Carbamazepine, 600 29 8.5 Valproate sodium, 3000 600 
B Carbamazepine- 10, 1 1-epoxide, 600 O 22ł Valproate, 3000 520 








* Mean of all observations before morning dose at 7 AM. 
tSingle observation. 


therapy by use of carbamazepine-10,11-ep- 
oxide-matched placebo tablets during pe- 
riod A and carbamazepine-matched pla- 
cebo tablets during period B. Concomitant 
therapy (Table 1) was unchanged through- 
out the study, which altogether lasted 10 
weeks. 40 

Patients were seen at weekly intervals in 
the outpatient clinic and in addition hospi- 
talized during 2 days at the end of each 4- 
week period for registration of clinical 
effects. Drugs were given to the patients in 
specially designed dispensers containing 
the separate dosages for 1 week. Compli- 
ance was tested by checking the dispensers 
at each visit. 

Blood samples for drug analysis were ob- 
tained immediately before the morning 
dose at each weekly visit, and in addition 
every second hour (7AM to 7 PM) during the 
last day of the two 4-week periods. The 
plasma concentrations of carbamazepine 
and carbamazepine-10,11-epoxide were de- 
termined with high-performance liquid 0 
chromatography." 


30 


20 


10 


Plasma Concentration, nmol/L 


Drugs Weeks 


Carbamazepine was given as plain Tegre- 
tol tablets (Ciba-Geigy Corp). Carba- 
mazepine-10,11-epoxide in unstable is gas- 
tric juice. Enteric-coated tablets provided 
by Ciba-Geigy Corp” were therefore used. 


Seizures / wk 


Evaluation of Effects 


Seizures were recorded by the patient or, 
when appropriate, relatives on a calendar 
that was checked at every visit. All sponta- 
neous reports of side effects were recorded, 
and in addition patients were actively ques- 
tioned at each visit about neurotoxic symp- 
toms following a special questionnaire 
(available on request). The following tests Carbamazepine, 4 X 300 Crossover  Carbamazepine- 10, 1 1-epoxide, 
were performed during the last 2 days of the 
two treatment periods with the patient in 4x 300 
hospital. The different tests were made at Fig 1.—Design and results of study as illustrated by patient 1. Carbamazepine and carba- 
the same time of day on the two occasions. mazepine-10,11-epoxide were administered four times daily. Trough morning plasma levels of 

Biochemical Tests.—Hemoglobin, hemat- carbamazepine (open squares) and carbamazepine- 10, 1 1-epoxide (solid squares) are indicated 
ocrit, red and white blood cell counts, dif- in top panel. 





Dosage, mg/d 
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ferential and platelet counts were per- 
formed. Electrolytes, albumin, creatinine, 
aminotransferases, y-glutamyltransferase, 
alkaline phosphatase, folate, thyrotropin, 
and immunoglobulins were all measured in 
serum. 

Psychological Assessment.—Based on re- 
cent studies concerning behavioral effects 
associated with antiepileptic drugs” and 
especially carbamazepine,” six computer- 
administered tests of varying mental 
load? were selected to assess cognitive 
status. 

Finger Motor Speed.—The subject was 
instructed to tap a button as fast as possi- 
ble in five trials of three conditions: the in- 
dex finger of the dominant hand, the index 
finger of the nondominant hand, and alter- 
nating the right and left index fingers. The 
mean number of taps for five 10-second pe- 
riods was used to measure performance. 

Simple Reaction Time.—The subject had 
to hit a button when a time-randomized 
signal appeared on the screen. The mean 
latency during a 5-minute testing time was 
used to measure performance. 

Complex Reaction Time.—The subject 
was instructed to respond as fast as possi- 
ble by pushing a button when the word 
meaning (one of four color words) and the 
print color (one of four colors) corresponded 
to each other, and otherwise not to respond. 
The mean reaction time during a 10-minute 
testing period was used to measure perfor- 
mance. 

Short-term Memory Scanning.—Fol- 
lowing a paradigm developed by Stern- 
berg,” the subject had to push as fast as 
possible one of two buttons as to whether a 
random probe digit matched (positive re- 
sponses) one of the digits of a preestab- 
lished set of digits or not (negative respons- 
es). The mean latency for positive responses 
was, timed for three different set sizes (1, 3, 
and 5 digits in the set). 

Symbol Digit Substitution.—In this test, a 
relative of the Digit Symbol Test of the 
Wechsler Adult Intelligence Scale-Re- 
vised,” the subject had to match digits to 
symbols according to an existing code 
scheme as fast as possible. The mean la- 
tency of five trials was measured after a 
training period. 

Logical Reasoning.—The subject had to 
decide whether a verbal premise, eg, A pre- 
cedes B, was false or true compared with a 
picture of the letters, eg, B A. The number 
of correct judgments of 64 items and the 
mean latency were registered. This test is a 
computerized version of the Baddeley ver- 
bal reasoning task.” 

Patients were also subjected to a neuro- 
physiological examination including elec- 
troencephalogram, visual evoked poten- 
tials, and visual contrast sensitivity. De- 
tails of this evaluation will be reported 
elsewhere. Informed consent was obtained 
from all patients. 


RESULTS 


The steady-state plasma concentra- 
tions of carbamazepine and carba- 
mazepine-10,11-epoxide during the two 
treatment periods are given in Table 1. 
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Fig 2.—Total number of seizures of seven patients treated with carbamazepine (left) and carba- 
mazepine- 10, 1 1-epoxide (right). Note that seizures during epoxide treatment of patient 7 refer to 
the crossover and washout period, after which the patient dropped out of the study. No significant 
difference in seizure frequency was found (Wilcoxon Signed-Rank Test). 


For the whole patient group, mean 
steady-state concentrations were 32 
umol/L of carbamazepine and 7.3 
umol/L of carbamazepine-10,11-epox- 
ide during carbamazepine treatment. 
The mean carbamazepine-10,11-epox- 
ide concentration was 25 pmol/L dur- 
ing epoxide therapy. Morning plas- 
ma concentrations were stable during 
carbamazepine treatment, whereas 
there were marked day-to-day varia- 
tions in the steady-state concentra- 
tions of carbamazepine-10,11-epoxide 
during treatment with carbamaze- 
pine-10,11-epoxide (Fig 1). Morning 
steady-state carbamazepine-10,11- 
epoxide levels above 30 „mol/L oc- 
curred on at least one occasion in five 
patients (patients 2 through 6). High- 
est steady-state concentrations of car- 
bamazepine-10,1l-epoxide were 37 
umol/L (patient 4), 57 umol/L (patient 
5), and 49 umol/L (patient 6). Diurnal 
plasma concentrations (7 AM to 7 PM) of 
both carbamazepine and carbamaze- 
pine-10,11-epoxide were stable during 
carbamazepine treatment. In contrast, 
diurnal fluctuations in plasma levels 
were variable and often pronounced 
when the patients were treated with 
carbamazepine-10,11-epoxide. In some 
patients the time of peak concentra- 
tion appeared to be unrelated to the 
time of dosing. The peak concentration 
sometimes occurred immediately be- 
fore the morning dose and was fol- 
lowed by a steady decline in the plasma 


concentration over the day despite re- 
peated epoxide dosing. Steady-state 
concentrations of the concomitant an- 
tiepileptic drug therapy were stable 
throughout the study. 

On his own request, patient 7 dis- 
continued the trial prematurely, be- 
cause of four generalized seizures in 
the washout period after changing to 
carbamazepine-10,11-epoxide. Side ef- 
fects were, however, evaluated accord- 
ing to the protocol before discontinua- 
tion immediately after the washout 
period and are included in the results. 

The number of seizures for each pa- 
tient during the two treatment periods 
is shown in Fig 2. There was no signif- 
icant difference in seizure control be- 
tween the treatment periods (Wil- 
coxon Signed-Rank Test). None of the 
patients experienced subjective side 
effects at any time of the study. There 
was a trend toward improved perfor- 
mance in 9 of the 10 neuropsychologi- 
cal tests during treatment with car- 
bamazepine-10,11-epoxide compared 
with carbamazepine (Table 2). The 
improvement of finger motor speed 
with dominant hand and logical rea- 
soning was significant (P < .05, paired 
t test). There was also a significant in- 
crease (P < .05 Wilcoxon Signed-Rank 
Test) in serum sodium levels when 
patients were changed to carba- 
mazepine-10,11-epoxide therapy (Fig 
3). There was no significant difference 
in results of other biochemical tests. 
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Test No. 
Finger motor speed, taps/ 10 s 


Dominant hand 7 
Nondominant hand 7 
Alternating hand 7 
Simple reaction time, latency, ms 7 
Complex reaction time, latency, ms 6t 
Short-term memory scanning, 
latency; ms 
1 digit 54 
3 digits S$ 
5 digits 5¢ 
Symbol digit substitution, 
latency, (s) 7 
Logical Reasoning, latency, s Sz 





memory scanning, one digit. 
TtP.< 05: 


Table 2.—Neuropsychological Testing * 










Carbamazepine- 


Carbamazepine 10, 11-epoxide 
















55.8 + 3.4 58.0 + 3.0T 
51.3 + 7.3 54.0 + 7.0 

12.1 Æ 205 77.9 + 12.3 
298 + 37.5 281 + 47.7 
707 + 87.7 696 + 95.6 
513 + 92.8 520 + 128.8 
696 + 125.6 640 + 141.8 
779 + 141.8 713 + 153.3 
38.9 + 14.2 34.8 + 10.5 

7.76 + 2.13 6.22 + 2.0/7 





*Values are mean + SD. Best performance was with carbamazepine- 10, 11-epoxide, except for short-term 


Patients excluded because of partial seizure at the time of testing. 


COMMENT 


Plasma clearance of carbamazepine- 
10,1l-epoxide was about fourfold 
higher than the clearance of carba- 
mazepine in a previous single-dose 
study.% We therefore expected car- 
bamazepine-10,11-epoxide plasma lev- 
els to be much lower than those we ac- 
tually found in this study since the 
epoxide and carbamazepine were given 
in the same dosage. A saturable first- 
pass elimination of carbamazepine- 
10,11-epoxide may be a partial expla- 
nation for the unexpectedly high epox- 
ide concentrations. Higher epoxide 
doses were used in this study than in 
previous pharmacokinetic investiga- 
tions, and studies of carbamazepine- 
10,11-epoxide and valpromide interac- 
tions indicate that a saturable first- 
pass elimination may exist.” 

Another obvious factor contributing 
to the high levels was the formulation 
of carbamazepine-10,11-epoxide. The 
absorption from the tablet appeared to 
be erratic and unpredictable. This was 
probably an effect of the enteric coat- 
ing allowing the epoxide to be absorbed 
only after the tablet had passed into 
the small intestine. This, together with 
a short plasma half-life of carba- 
mazepine-10,11-epoxide,* resulted in 
the pronounced diurnal fluctuations in 
epoxide plasma concentrations. These 
fluctuations and the day-to-day varia- 
tions in carbamazepine-10,11-epoxide 
concentrations may well be seizure 
provoking. The pharmacokinetic pro- 
file of the enteric-coated formulation 
was therefore considered unacceptable 
for an extended study of patients with 
epilepsy. The assessment of the anti- 
epileptic effect of carbamazepine- 
10,11-epoxide was clearly complicated 
by the shortcomings of the enteric- 
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coated formulation. Nevertheless, 
apart from one patient who dropped 
out after the washout period, there 
was no tendency toward deterioration 
of seizure control during treatment 
with carbamazepine-epoxide. 

If evaluation of the anticonvulsant 
effect was hampered, the unexpect- 
edly high carbamazepine-10,11-epox- 
ide concentrations on the other hand 
offered an excellent opportunity for 
direct evaluation of the neurotoxic po- 
tential of this compound. The plasma 
levels reached during carbamazepine- 
10,11-epoxide therapy were several 
times higher than those generally 
found in patients receiving carba- 
mazepine therapy.’ Higher plasma 
concentrations have rarely been re- 
ported.'' The plasma levels were also 
considerably higher than those pro- 
posed to be toxic during carba- 
mazepine therapy.'*"® It is therefore 
remarkable that none of the patients 
reported side effects. These subjective 
assessments were supported by the re- 
sults of the neuropsychological tests. 
In fact, a trend toward improvement 
was consistently found when patients 
were switched to carbamazepine- 
10,11-epoxide therapy. The differences 
were statistically significant for two of 
the tests despite the small patient 
number. Fatigue and learning effects 
were minimal in response-speed vari- 
ables of these neuropsychological 
tests.” It is therefore unlikely that the 
nonrandomized treatment sequence, 
carbamazepine followed by carba- 
mazepine-10,11-epoxide, influenced 
the results. 

It may be argued that we studied 
patients with an extremely high toler- 
ance to side effects. However, the car- 
bamazepine dose that patients re- 
ceived when entering the study was the 
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Fig 3.—Serum sodium of seven epileptic pa- 
tients during treatment with carbamazepine 
and carbamazepine-10,11-epoxide. Serum 
sodium level was significantly higher during 
treatment with epoxide (P < .05, Wilcoxon 
Signed-Rank Test). Shaded area shows nor- 
mal range of serum sodium levels. 


highest tolerable for each individual. 
All patients had previously experi- 
enced neurotoxic, dose-dependent side 
effects with higher carbamazepine 
dosage. 

Another interesting observation 
was that low serum sodium levels were 
normalized when patients were 
switched from carbamazepine to car- 
bamazepine-10,11-epoxide treatment. 
Hyponatremia is a not-infrequent 
dose-dependent side effect of carba- 
mazepine therapy.” This indicates 
that the parent drug and not the epox- 
ide is responsible for the water intox- 
ication reported. 

Since these were the first epileptic 
patients to be treated directly with 
carbamazepine-10,11-epoxide, the 
study was associated with the limita- 
tions of a pilot study: a small patient 
sample receiving combination ther- 
apy, a nonrandomized design, and only 
a single-blind control. The present de- 
sign, however, yields more reliable re- 
sults than previous attempts to assess 
the effects of the epoxide metabolite 
during carbamazepine therapy. 

The following conclusions may be 
drawn. (1) Itis highly unlikely that the 
epoxide metabolite is a major contrib- 
utor to the neurotoxic side effects of 
carbamazepine therapy. (2) Routine 
monitoring of the plasma concentra- 
tion of the epoxide metabolite during 
carbamazepine therapy is not justi- 
fied. This pilot study does not provide 
data to say if carbamazepine-10,11- 
epoxide would be an advantageous al- 
ternative to carbamazepine therapy. 
The pharmacokinetic problems make 
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carbamazepine-10,11-epoxide less at- 
tractive. The favorable results of the 
side effects evaluation, however, 
prompt further studies, for which an 
improved formulation of the epoxide is 
necessary. 


This study was supported by grants from the 
Karolinska Institute, Stockholm, Sweden, Stif- 
telsen Stora Sköndal, Karin and Sven Sander’s 
Foundation, and the Swedish Medical Research 
Council (grant 3902). 

Carbamazepine-10,11-epoxide was kindly sup- 
plied by Ciba-Geigy, Basel, Switzerland. 
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Abnormalities of Aneural and Innervated Cultured Muscle 
Fibers From Patients With Myotonic Atrophy (Dystrophy) 


Takayoshi Kobayashi, MD; Valerie Askanas, MD, PhD; Koji Saito, PhD; W. King Engel, MD; Koichi Ishikawa, MD 


è innervation of human muscle cocul- 
tured in monolayer with explants of fetal 
rat spinal cord plus dorsal-root ganglia 
produces more mature fibers, which show 
spontaneous, neurogenic (d-tubocurarine- 
blocked) contractions. On the innervated 
myotonic atrophy (MA) muscle fibers, 96% 
of acetylcholinesterase-stained patches 
were simple, and only 4% appeared as 
complicated, pretzel-like, more mature- 
looking structures; on control innervated 
fibers, 37% of the acetyicholinesterase 
patches had the mature appearance. The 
normal trend from multifocal innervation 
toward unifocal innervation was de- 
creased in innervated MA muscle fibers. 
Microelectrode studies compared param- 
eters of cultured aneural muscle fibers and 
cultured innervated-contracting muscle fi- 
bers from 7 patients with MA and 10 con- 
trol patients. The mean resting membrane 
potentials of the two groups (aneurally 
cultured MA muscle fibers and innervated- 
contracting cultured MA muscle fibers) 
were 8 and 9 mV lower, respectively, than 
those of their counterpart controls. The 
mean amplitude of action potentials, the 
maximum rate of rise of action potentials 
in innervated MA muscle fibers, and the 
action potential amplitude in aneural MA 
muscle fibers were significantly smaller 
than in corresponding control fibers. 

(Arch Neurol. 1990;47:893-896) 


espite recent progress in genetic 

studies of myotonic atrophy (dys- 
trophy) (MA),' the mechanism(s) re- 
sponsible for clinical, electrophysio- 
logic, and morphologic abnormalities 
of muscle fibers in this disease remains 
unknown. Tissue culture of abnormal 
human muscle provides a model to 
study pathogenic mechanisms under- 
lying genetic muscle diseases.** Previ- 
ous electrophysiologic studies of aneu- 
rally cultured, immature muscle of 
patients with MA have not been 
consistent.** In our attempt to increase 
maturation of aneurally cultured hu- 
man muscle fibers, we have developed 
a new medium, enriched with fibro- 
blast growth factor (FGF), epidermal 
growth factor (EGF), and insulin.’ Hu- 
man muscle fibers cultured aneurally 
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in this medium achieved much more 
advanced maturation than in our un- 
supplemented standard medium.” Be- 
cause several phenotypic characteris- 
tics of human adult innervated muscle 
fibers in vivo were still not expressed in 
those aneurally cultured muscle fibers, 
we have developed a new system in 
which adult human muscle fibers cul- 
tured in monolayer are cocultured 
with fetal rat spinal cord having dor- 
sal-root ganglia attached.'*'' In this 
coculture system, large groups of 
cylindrical muscle fibers contract vir- 
tually continuously, and their contrac- 
tions are reversibly inhibited by 
d-tubocurarine.'° Those contracting 
muscle fibers are entirely cross-stri- 
ated, accumulate acetylcholine recep- 
tors (AChRs) and acetylcholinesterase 
(AChE) at the nerve-muscle contacts," 
and have well-developed neuromuscu- 
lar junctions.” They have significantly 
higher resting membrane potentials 
than aneurally cultured muscle 
fibers,’ and several phenotypic char- 
acteristics of adult muscle fibers are 
expressed in them." 

We have now studied (1) electrical 
properties of MA muscle fibers (A) 
cultured aneurally in our new supple- 
mented medium and (B) innervated by 
cocultured fetal rat motor neurons, 
and (2) the number and properties of 
AChE-positive sites and AChR clus- 
ters at nerve-muscle contacts on the 
innervated MA muscle fibers. The re- 
sults were compared with those of 
control muscle fibers cultured under 
identical conditions. 


MATERIALS AND METHODS 
Cultures 


Aneural muscle cultures were estab- 
lished, according to our explants-reexplan- 
tation technique,’ from diagnostic muscle 
biopsy specimens (obtained after informed 
consent). The 7 patients, 14 to 40 years old, 
with MA were clinically, electrophysiolog- 
ically, and morphologically typical. Control 
cultures were established from biopsies of 
10 patients, 8 to 50 years old, who were con- 
sidered, after all studies had been per- 
formed, not to have intrinsic muscle dis- 
ease. Muscle fibers were cultured aneurally 
in F14 medium’ modified to contain 
600 mg/dL of glucose and supplemented 
with 10% fetal bovine serum, 25 ng/mL of 
FGF, 10 ng/mL of EGF, and 10 ug/mL of 
insulin.’ Cultures were fed twice weekly and 
examined every day or every other day by 
phase-contrast inverted microscopy. 


For innervation experiments, explants of 
spinal cord with attached dorsal root gan- 
glia from 12- to 14-day-old fetal rats were 
placed on top of the muscle monolayer 
shortly after myoblast fusion. From the 
moment of coculture, FGF and EGF were 
omitted from the medium; innervated mus- 
cle fibers were cultured in medium supple- 
mented only with fetal bovine serum and 
insulin. Details of these methods have been 
published previously.*!!? 


Double-Labeling of AChRs and AChE 


To quantitate AChR clusters and AChE 
patches and analyze the relationship be- 
tween them in innervated contracting MA 
muscle fibers, double-labeling of AChR and 
AChE was performed by combining auto- 
radiography of iodine 125 a-bungarotoxin 
and AChE histochemistry." Six different 
experiments were performed using cultures 
from three patients with MA 5 to 7 weeks 
after coculture. We counted 156 sites of 
AChR clusters and AChE patches on 64 
muscle fibers, and compared the results 
with our control values." 


Electrophysiologic Studies 


Electrophysiologic studies were per- 
formed on 17- to 22-day-old aneurally cul- 
tured muscle fibers and on contracting mus- 
cle fibers that had been innervated for 10 to 
78 days (time of innervation is arbitrarily 
considered from the beginning of muscle/ 
spinal cord coculture) from 7 patients with 
MA and 10 controls. Glass 15- to 40-me- 
gohm microelectrodes filled with 3-mol/L 
potassium chloride were used for recording 
membrane potentials and passing current. 
During electrophysiologic experiments, the 
culture dish was perfused with medium 
containing 150-mmol/L sodium, 4-mmol/L 
potassium, 2.2-mmol/L calcium, 1.1-mmol/L 
magnesium, 160.6-mmol/L chlorine, 
5.6-mmol/L glucose, and HEPES 10 (pH 
7.2), as well as 0.1% bovine serum albumin. 
Medium in the dish was kept at 32°C. 
d-Tubocurarine was added to the perfusing 
medium when indicated. We examined the 
resting membrane potential, the amplitude 
and maximum rate of rise of the action-po- 
tential, and the ability of cultured muscle 
fibers to respond with repetitive discharges. 
We also studied repetitive discharges on the 
insertion of the microelectrode, spontane- 
ous firing, the number of action potentials 
during and after a 100- to 500-millisecond 
depolarizing pulse, and anodal-break exci- 
tation with the membrane-potential 
abruptly altered to —80 to —120 mV. The 
latter two parameters were examined while 
muscle fibers were exposed to 10-umol/L 
d-tubocurarine. 

Statistical analysis was done using Stu- 
dent’s t test on PC Statistician software 
(Human Systems Dynamics, Northridge, 
Calif). 
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RESULTS 
Morphologic Studies 


Aneurally cultured MA muscle fi- 
bers grew abundantly and then be- 
came well cross-striated after inner- 
vation (Fig 1). There was no obvious 
difference in the survival and phase- 
contrast light-microscopic appearance 
between aneurally cultured MA and 
control muscle fibers. 

The overall response to neuronal in- 
fluence of cultured MA muscle fibers, 


Fig 1.—Phase-contrast photomicrographs of 
living cultured myotonic atrophy (MA) muscle 
fibers (original magnification, X500). Top, 3- 
week-old aneurally cultured MA muscle fibers. 
Bottom, innervated contracting MA muscle 
fibers cocultured for 2 weeks with fetal rat spi- 
nal cord. Note lack of cross-striations in top, 
and well-developed cross-striations in bottom. 





as evidenced by the degree of success- 
ful innervation," was lower than that 
of cultured control muscle fibers. 
Whereas 75% of spinal cord explants 
successfully innervated control muscle 
fibers, as manifested by virtually con- 
tinuous contractions of large areas of 
cross-striated muscle fibers (revers- 
ibly inhibitable by d-tubocurarine’’), 
in MA muscle fibers only 30% of spinal 
cord explants induced the innervation- 
driven contractions. However, MA 
muscle fibers that were successfully 
innervated were well cross-striated 
and contracted similarly to the control 
fibers. 

For every 600-um length of contract- 
ing muscle fibers, MA innervated fi- 
bers had 2.33+0.3 (mean +SEM) 
AChE-positive patches and 2.3 + 0.3 
AChR clusters, compared with 0.5 
+ 0.061 of AChE patches and 0.6 
+ 0.06 of AChR clusters (P < .05 for 
both) in control innervated fibers.'! On 
MA innervated contracting fibers, 
96.4% of the AChE patches had a sim- 
ple linear appearance and only 3.6% 
had an organized, complicated, pret- 
zel-like, more mature appearance; by 
contrast, 10 times more (37%) of the 
AChE patches on control innervated 
contracting muscle fibers had the more 
mature appearance" (Fig 2). 


Electrophysiologic Studies 


Electrophysiologic properties of cultured 
MA muscle fibers are summarized in Tables 
1 and 2. The mean resting membrane po- 
tentials of MA muscle fibers, cultured both 
aneurally and innervated, were about 8 and 
9 mV lower (P < .0001), respectively, than 


those of the aneural and innervated control 
muscle fibers. Similarly, the mean ampli- 
tude of action potential of both aneural and 
innervated cultured MA muscle fibers was 
significantly lower than that of the respec- 
tive controls (P <.05 and P<.01). The 
maximum rate of rise of action potentials in 
aneural cultures of MA muscle fibers was 
less than in controls, but the difference was 
not statistically significant. However, in 
innervated contracting muscle fibers, the 
maximum rate of rise was significantly 
lower in MA than in controls (129 vs 147 V/s; 
P <.05). 

Spontaneous firing (SpF) of aneural cul- 
tures was difficult to compare statistically. 
Of the 10 control patients, 8 had no SpF and 
2 had it in a few fibers (5% and 11%), 
whereas the 3 of 7 patients with MA who 
had SpF (patients 2, 4, and 6) had it in 15%, 
19%, and 52% of their fibers. Comparing 
individual controls and patients with MA, 
Student’s ¢ test reported no significance 
(Table 2). However, comparing the total 
numbers of fibers between groups, irrespec- 
tive of individual patients, there was a ma- 
jor difference: 17.6% of 119 MA fibers, but 
only 1.6% of 205 control fibers, showed SpF. 
Case 6 of MA was especially interesting: in 
the aneural cultured fibers of that patient, 
there was by far the highest amount of SpF; 
they were the only ones with repetitive dis- 
charges on microelectrode insertion; and 
they had by far the most repetitive dis- 
charges following electrical stimulation. 
However, the patient’s innervated cultured 
fibers had the fewest repetitive discharges 
from electrical stimulation. Thus, in case 6, 
the aneural cultured fibers were more likely 
to discharge and the innervated fibers less 
likely to do so. Although not so extreme, 
this patient’s aneural fibers’ resting mem- 
brane potential, action potential, and am- 
plitude and maximum rate of rise of action 
potential were among the highest inthe MA 


group. 


Fig 2.—Double-labeling of acetylcholinesterase and acetylcholine receptors on innervated-contracting myotonic atrophy 
muscle fibers. Each pair of figures displays two aspects of an identical field. Top left, top right, and bottom center, acetyl- 
cholinesterase staining. Top center, bottom left, and bottom right, autoradiography of iodine 125 a-bungarotoxin. Top left and 
top center, long, simple, unorganized nerve-muscle contacts. Top right and bottom left, localized, poorly organized 
nerve-muscle contact. Bottom center and bottom right, relatively well-organized nerve-muscle contacts (original magnifica- 
tion: top left and top center, X 1200; remaining parts, X2300). 
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Repetitive discharges on insertion of the 
microelectrode into aneural fibers were ex- 
tremely rare in controls and absent in 6 of 
7 patients with MA, being present only in 
case 6; there was no statistical difference 
between patients with MA and controls. 
Repetitive discharges elicited by electrical 
stimulation of aneural fibers were seen in 
only 12.5% of patients with MA and 10.7% 
of controls (not a statistically significant 
difference); this differs from a previous 
report.‘ 

In innervated-contracting cultured mus- 
cle fibers, SpF occurred in all fibers of 
patients with MA and controls. The firing 
could be inhibited or abolished by 10°- to 
10*-mol/L d-tubocurarine, indicating that 
the contractions were due to cholinergic 
neuromuscular transmission. (Aneurally 
cultured MA and control muscle fibers did 
not contract spontaneously.) 

In innervated cultures, repetitive dis- 
charges following electrical stimulation, 
elicited by anodal-break excitation (Fig 3) 
or depolarizing pulse, were fewer in pa- 
tients with MA (49.2% ), but did not reach a 
statistically significant difference from 
controls (58.3%) (Table 2). In innervated 
cultures compared with aneural cultures, 
there was a major increase of electrical- 
stimulation-elicited repetitive discharges 
in both patients with MA (49.2% compared 
with 12.5% ) and controls (58.3% compared 
with 10.7%). 


COMMENT 


The nerve-muscle contacts on inner- 
vated cultured MA fibers seemed less 
mature, as evidenced by impairment of 
the normal progression from multifo- 
cal to unifocal innervation and by less 
well organized AChE patches, than 
equally long-term innervated cultured 
control fibers.'’ Abnormalities of the 
neuromuscular junction and distor- 
tion of the motor innervation pattern 
were previously reported in biopsy 
specimens of extrafusal muscle fibers 
of patients with MA’*'® and in their 
intrafusal fibers. Likewise, following 
innervation of cultured MA fibers com- 
pared with controls, there was a lesser 
(but not statistically significant) in- 
crease of repetitive discharges, sug- 
gesting less maturity of those MA 
fibers. 

Defective innervation of MA muscle 
fibers in vivo, due to the muscle fiber 
not accepting innervation, has been 
hypothesized previously and termed 
muscle dysreception to innervation, an 
idea based partly on denervation like 
atrophy histochemically and elon- 
gated motor nerve endings on muscle 
fibers.” This hypothesis is supported 
by the present results demonstrating 
an abnormal innervation response of 
cultured MA muscle fibers innervated 
by normal motor neurons from fetal 
rats. Recently, extrajunctionally lo- 
cated neural cell adhesion molecule 
was found in muscle biopsy specimens 
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Table 1.—Electrical Membrane Properties of Cultured MA and Control Muscle Fibers * 


Aneural Muscle Innervated Contracting Muscle 
—_-e—— ——————————— eee. 07—.__ _— 
RMP, AP Amp, AP dV /dt, RMP, AP Amp, AP dV/dt, 
-mV mV V/s -mV mV V/s 











Patients with MA 
45 + 2 81 +3 97 +7 112 3&7 
(10) (8) (8) (9) 
47+2 88 + 4 141 +7 126 +7 
(13) (10) (10) (3) 
51+4 TT ES 86 +5 142 + 2 
(12) (9) (9) (4) 
54 + 1 69 + 6 114 + 10 143 + 14 
(43) (4) -(4) (5) 
60 + 3 81+ 4 108 + 9 123 + 7 
(10) (10) 
57 + 1 89 + 2 136 +7 66 + 2 
(21) (9) (9) (21) 
66 + 2 i122 78+9 
(10) (10) (10) 
51+ L5t 79 £2.77 100 tea 
(119) (60) (60) (48) (27) (30) 
Controls 59 + 0.7 89 + 2.4 111 + 6.3 69 + 0.9+ 95 + 2.4) 147 + 6.6§ 
(n = 10) (68) (17) (17) (92) (27) (29) 


* All values are means + SEMs. Numbers in parentheses are numbers of muscle fibers tested. MA indicates 
myotonic atrophy; RMP, resting membrane potential; AP Amp, action potential amplitude (measured from the 
resting membrane potential to the peak of the off-response after hyperpolarization of the membrane to —80 to 
— 100 mV); and AP dV/dt, maximum rate of rise of the action potential (measured using a differentiating circuit 
with a time-constant of 150 microseconds). 

tP < .0001 compared with control. 

+P < .0001 compared with aneural. 

§P < .001 compared with aneural. 

||P < .05 compared with aneural. 


(10) aa (9) 


60 + 2.6t¢ 85+ 3.8] 129 + 5.3¢ 


Table 2.—Percent of MA and Control Muscle Fibers With SpF, RDs on Insertion of the 
Microelectrode, and RDs Elicited by Electrical Stimulation * 


Aneural Muscle Innervated Contracting Muscle 
—. wr qj; ee moomoo ———. cc -—-——~ 
RDs on RDs After RDs After 
Insertion of Electrical Electrical 
Microelectrode Stimulation Stimulation 


Patients with MA 
1 O (10) 


15.4 (13) 
O (12) 
18.6 (43) 
O (10) 
52.3 (21) 
O (10) 


12.3 + 7.3 
(119) 


Le 


O (10) 
O (13) 
O (12) 
O (43) 
O (10) 
9.5 (21) 
O (10) 
14+ 1:4 
(119) 


Controls tige i 
(n = 10) (205) 


* All values are percentages. Mean and control values are means + SEMs. Numbers in parentheses are 
numbers of muscle fibers tested. MA indicates myotonic atrophy; SpF, spontaneous firing; and RD, repetitive 
discharge. 

tNo differences are statistically significant. 


10 (10) 

7.7 (13) 

O (12) 

O (11) 

O (10) 

70.0 (21) 

O (10) ae 

12.5 + 9.7 (87) 100 (99) 


100 (20) 
100 (22) 
100 (10) 
100 (11) 
100 (17) 
100 (19) 


65 (20) 
18.2 (22) 
40 (10) 
90.9 (11) 
70.6 (17) 
10.5 (19) 


Meant 49.2 + 13 (99) 


(205) 10.7 + 7(111) 100 (144) 58.3 (12) 





Millivolts 
Millivolts 


1 Second 





Fig 3.—Representative records of repetitive discharges elicited by anodal break excitation, in the 
presence of 10°°-mol/L d-tubocurarine, from aneurally cultured myotonic atrophy muscle fiber 
(left), and innervated myotonic atrophy muscle fiber (right). Hyperpolarizing current pulses of 
0.5 mA for 500 milliseconds and 2.3 nA for 200 milliseconds were applied at left and right, respec- 
tively. 
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of patients with MA,” as occurs in 
noninnervated*™ or denervated% mus- 
cle fibers. 

In both aneural and innervated cul- 
tured muscle fibers from patients with 
MA, we found lower resting membrane 
potentials and action potential ampli- 
tudes than in the respective controls. 
The maximum rate of rise of action 
potentials was lower in aneural and 
innervated cultured MA muscle fibers, 
significantly so in the innervated fi- 
bers. These results differ from those of 
aneurally cultured paramyotonia con- 
genita muscle fibers.” 

The prominent SpF of aneurally cul- 
tured muscle fibers from three of the 
seven patients with MA indicated ex- 
cess lability of their plasmalemma, 
even though repetitive discharges of 
the MA group were not statistically 
greater than in controls. These data 
might reflect an intrinsic disease-char- 
acteristic defect of the cultured MA 
muscle fiber plasmalemma regarding 
either (1) an ionic or other channel, or 
(2) general fragility and poor seal 
around the microelectrode. The latter 
seems less likely due to lack of prom- 
inent loss of creatine kinase across 


muscle-cell plasmalemma in patients 
with MA. 
Our studies may have also demon- 
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strated a defective response of cul- 
tured MA muscle fibers to insulin. 
Previously, we were not able to find 
any electrophysiologic differences be- 
tween MA and control muscle fibers 
cultured aneurally in our hormonally 
unsupplemented standard medium. 
The resting membrane potential of 
MA muscle fibers aneurally cultured in 
that previous medium’ and in our 
present hormonally supplemented me- 
dium were the same, whereas the rest- 
ing membrane potential of control 
muscle fibers cultured aneurally in our 
new hormonally supplemented me- 
dium was 9 mV higher than in our 
previous medium.’ Since insulin is one 
of the three hormones (in addition to 
FGF and EGF) supplemented to the 
aneural culture medium and the only 
hormone supplement remaining in the 
medium during culture after innerva- 
tion, the possibility exists that the 
lower resting membrane potential of 
cultured MA muscle fibers, and per- 
haps their inability to become fully in- 
nervated, are associated with an im- 
paired response to insulin. 
Previously, we have shown that (1) 
in aneurally cultured normal muscle 
fibers, insulin increases the total num- 
ber of AChRs* and induces voltage-de- 
pendent calcium channels’; and (2) the 
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A CASE FOR Magnevist 
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SPINAL METASTATIC DISEASE 


BEFORE MAGNEVIST” INJECTION 


Sagittal 11-weighted A 38-year-old woman presented with neck pain 


MRI scan 
pre-MAGNEVIST® 
injection (TR 800, 
TE 20) reveals 

no abnormality. 


Sagittal proton- 
density-weighted 
MRI scan 
pore-MAGNEVIST® 
injection (TR 2400, 
TE 30) shows 

no discernible 
signs of metastatic 
soread 


Sagittal T2-weighted 


MRI scan 
pore-MAGNEVIST® 
injection (TR 2400, 
TE 70) shows 

no additional 
information from 
that seen on 
proton-density- 
weighted image. 


1990, Berlex Laboratories, Inc. All rights reserved 











and upper body motor disturbance. One year before 
she had undergone a radical mastectomy with 
lympnadenectomy, confirming the diagnosis 

of carcinoma. Follow-up imaging, including CT scans, 
was negative. 


MRI scans were performed to rule out metastatic disease. 


AFTER MAGNEVIST® INJECTION 


Sagittal l1-weighted 
MR! scan post- 
MAGNEVIST® 
injection (TR 800, 

TE 20) shows 
enhanced lesions 
overlying the spinal 
cord, consistent 
with intradural 
metastases 





Images courtesy of Madan Kulkarni, MD, and ee J 
Abdo, MD, Houston Northwest MRI Center, Houston, Tex 


898 


Well tolerated’ in clinical trials, the most common adverse reactions reported were headache (8.7%) and injection- 
site coldness/localized coldness (4.8%). The majority of headaches were transient and of mild to moderate severity. In 
clinical trials, 15% to 30% of patients experienced an asymptomatic transient rise in serum iron; hypotension occurred in 
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BRIEF SUMMARY 


INDICATIONS AND USAGE 


MAGNEVIST® Injection is indicated for use with magnetic resonance imaging (MRI) in adults 
and children (2 years of age and older) to provide contrast enhancement in those intra- 
cranial lesions with abnormal vascularity or those thought to cause an abnormality in the 
blood-brain barrier. MAGNEVIST® Injection has been shown to facilitate visualization of 
intracranial lesions including but not limited to tumors. 


MAGNEVIST® Injection is also indicated for use with MRI in adults and children (2 years of 
age and older) to provide contrast enhancement and facilitate visualization of lesions in 
the spine and associated tissues. There is, however, only limited clinical experience in 
children for this indication. 


CONTRAINDICATIONS 
None known. 


WARNINGS 


The accepted safety considerations and procedures that are required for magnetic 
resonance imaging are applicable when MAGNEVIST® Injection is used for contrast 
enhancement. In addition, deoxygenated sickle erythrocytes have been shown in in vitro 
studies to align perpendicular to a magnetic field which may result in vaso-occlusive 
complications in vivo. The enhancement of magnetic moment ne dimeglu- 
mine may | paste potentiate sickle erythrocyte alignment. MAGNEVIST® Injection in 
patients with sickle cell anemia and other hemoglobinopathies has not been studied. 


Patients with other hemolytic anemias have not been adequately evaluated following 
administration of MAGNEVIST® Injection to exclude the possibility of increased hemolysis. 
Hypotension may occur in some patients after injection of 
MAGNEVIST® Injection. In clinical trials two cases were reported 
and in addition, there was one case of a vasovagal reaction and 
two cases of pallor with dizziness, sweating and nausea in one 
and substernal pain and flushing in the other. These were reported 
within 25 to 85 minutes after injection except for the vasovagal 
reaction which was described as mild by the patient and occurred 
after 6-1/2 hours. In a study in normal volunteers one subject 
experienced syncope after arising from a sitting position two hours 
after administration of the drug. Although the relationship of 
gadopentetate fly ke to these events is uncertain, patients 
should be observed for several hours after drug administration. 


PRECAUTIONS - General 


Diagnostic ge it that involve the use of contrast agents should be carried out under 
direction of a physician with the prerequisite training and a thorough knowledge of the 
procedure to be performed. 


In a patient with a history of grand mal seizures, MAGNEVIST® Injection was reported to 
induce such a seizure. 


Since poopeneaa rial scab is cleared from the body =| lomerular filtration, caution 
should be exercised in patients with severely impaired renal function. 


Animal studies suggest that gadopentetate dimeglumine may alter red cell membrane 
morphology resulting in a slight degree of extravascular (splenic) hemolysis. In clinical 
trials 15-30% of the patients experienced an asymptomatic transient rise in serum iron. 
Serum bilirubin levels were slightly elevated in approximately 3.4% of patients. Levels 
generally returned to baseline within 24 to 48 hours. Hematocrit and red blood cell count 
were unaffected and liver enzymes were not elevated in these patients. While the effects 
of gadopentetate dimeglumine on serum iron and bilirubin have not been associated with 
clinical manifestations, the effect of the drug in patients with hepatic disease is not known 
and caution is therefore advised. 


When MAGNEVIST® Injection is to be injected using plastic disposable syringes, the contrast 
medium should be drawn into the syringe and used immediately. 


If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 


Repeat Procedures: If in the clinical judgment of the physician sequential or repeat ex- 
aminations are required, a suitable interval of time between administrations should be 
observed to allow for normal clearance of the drug from the body. 


Information for Patients: 

Patients receiving MAGNEVIST® injection should be instructed to: 

1. Inform your physician if you are pregnant or breast feeding. 

2.Inform your physician if you have anemia or any diseases that affect red blood cells. 


LABORATORY TEST FINDINGS 


Transitory changes in serum iron and bilirubin levels have been reported in patients with 
normal and abnormal liver function (See PRECAUTIONS - General). 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY 


No animal studies have been performed to evaluate the carcinogenic potential of 
gadopentetate dimegiumine. 


Gadopentetate dimeglumine did not evoke any evidence of mutagenic potential in the 
Ames test (histidine-dependent Salmonella typhimurium) nor in a reverse mutation assay 
using tryptophan-dependent Escherichia coli. Gadopentetate dimeglumine did not induce 
a positive response in the (C3H ede mouse embryo fibroblast cellular transformation 
assay, nor did it induce unscheduled DNA repair eres in primary cultures of rat 
hepatocytes at concentrations up to 5000 ug/mL. However, the drug did show some 
evidence of mutagenic potential in vivo in the mouse dominant lethal assay at doses of 6 
mmol/kg, but did not show any such potential in the mouse and dog micronucleus tests 
at intravenous doses of 9 mmol/kg and 2.5 mmol/kg, respectively. 


The results of a reprocuctive study in rats showed that gadopentetate dimeglumine when 
administered in daily doses of 0.1-2.5 mmol/kg, did not cause a significant change in the 
pogane rate in comparison to a control group. However, suppression of body weight gain 
and food consumption and a decrease in the mean weights of testis and epididymis 
occurred in male rats at the 2.5 mmol/kg dose. In female rats a decrease in the number 
of corpora lutea at the 0.) Mba be dose and the suppression of body weight gain and 
food consumption at the 2.5 mmol/kg dose were observed. 

In a separate experiment, 16 daily intravenous injections were administered to male rats. 
At a dose of 5 mmol/kg of gadopentetate dimeglumine, spermatogenic cell atrophy was 
observed. This atrophy was not reversed within a 16-day observation period following the 
discontinuation of the drug. This effect was not observed at a dose of 2.5 mmol/kg. 
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PREGNANCY CATEGORY C. 

Gadopentetate dimeglumine has been shown to retard development slightly in rats when 
pen in doses 2.5 times the human dose, and in rabbits when given in doses of 7.5 and 
2.5 times the human dose. The drug did not exhibit this effect in rabbits when given in 
doses 2.5 times the human dose. No congenital anomalies were noted in either species. 


There are no adequate and well-controlled studies in pregnant women. MAGNEVIST® 
Injection ee be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 


NURSING MOTHERS 


C14 labelled ge lil dimeglumine was administered intravenously to lactating rats 
at a dose of 0.5 mmol/kg. Less than 0.2% of the total dose was transferred to the neonate 
via the milk during the 24-hour evaluation period. It is not known to what extent MAGNEVIST® 
Injection is excreted in human milk. Because many drugs are excreted in human milk, 
caution should be exercised when the drug is administered to a nursing mother and 
consideration should be given to temporarily discontinuing nursing. 


PEDIATRIC USE 
Safety and efficacy in children under the age of 2 years have not been established. 
(See Indications and Usage and Dosage and Administration sections). 


ADVERSE REACTIONS 

The most commonly noted adverse experience is headache with an incidence of 8.7%. The 
Hel | of headaches are transient and of mild to moderate eny In 42.3% of the cases 
it was felt that the headaches were not related to MAGNEVIST® Injection. Injection site 
coldness/localized coldness is the second most common adverse experience at 4.8%. 
Nausea occurs in 3.2% of the patients. 

Localized pain, vomiting, paresthesia, dizziness and localized 
warmth occur in less than 2% of the patients. 

The following additional adverse events occur in less than 1% 
of the patients: 

Body as a Whole: Injection site symptoms, namely, pain, warmth, 
burning; localized burning sensation, substernal chest pain, fever, 
weakness, generalized coldness, localized edema, tiredness, 
chest tightness, regional lymphangitis. 

Cardiovascular: Hypotension, vasodilation, pallor, non-specific 
ECG changes, angina pectoris, phlebitis. 

Digestive: Gastrointestinal distress, stomach pain, teeth pain, 
increased salivation. 

Nervous System: Agitation, thirst, convulsions (including grand mal). 
ry System: Throat irritation, rhinorrhea, sneezing, dyspnea, wheezing, laryngismus, 
cough. 

Skin: Rash, sweating, pruritus, urticaria (hives). 

Special Senses: Tinnitus, conjunctivitis, visual field defect, taste abnormality, dry mouth, 
lacrimation disorder (tearing), eye irritation. 

Laboratory: Transient elevation of serum transaminases. 

The following other adverse events were reported. A causal relationship has neither been 
established nor refuted. 

Body as a Whole: Back pain, pain, generalized warmth. 

Cardiovascular: Hypertension, tachycardia, migraine, syncope. 

Digestive: Constipation, diarrhea. 

Nervous System: Anxiety, anorexia, nystagmus, drowsiness, diplopia, stupor. 

Skin: Facial edema, erythema multiforme, epidermal necrolysis. 

Special Senses: Eye pain, ear pain. 

Data from foreign studies did not reveal any additional adverse experiences. 


OVERDOSAGE 


The LDso of intravenously administered gadopentetate dimeglumine injection in mice is 
5-12.5 mmol/kg and in rats it is 1015 mmol g. The LDso of intravenously administered 
MAGNEVIST® Injection in dogs is greater than 6 mmol/kg. 


Clinical consequences of overdose with MAGNEVIST® Injection have not been reported. 


DOSAGE AND ADMINISTRATION 


The recommended dosage of MAGNEVIST® Injection is 0.2 mL/kg (0.1 mmol/kg), 
administered intravenously, at a rate not to exceed 10 mL per minute. More rapid injection 
rates may be associated with nausea. The maximum total dose is 20 mL. Any unused 
portion must be discarded. 
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To ensure complete nh rig of the contrast medium, the injection should be followed by 
a 5-mL normal saline flush. The imaging procedure should be completed within | hour of 
injection of MAGNEVIST® Injection. 


Parenteral products should be inspected visually for particulate matter and discoloration 
prior to administration, whenever solution and container permit. 


For full prescribing information, see package insert. 
Caution: Federal Law Prohibits Dispensing Without Prescription. 
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MIDAS REX Institute “MODERN DISSECTION TECHNIQUES 
2929 Race Street ° Fort Worth, Texas 76111 OF BONE, BIOMETALS, BIOCERAMICS, 


800-433-7639 © 817-831-2604 
SEPTEMBER 1990 - JANUARY 1991 


CONFERENCE OBJECTIVES 


I. Surgeons will explore current concepts in boneworking through lec- 
tures, conferences, and clinical procedures on video. 


OR personnel will participate in the same activities. 


II. Surgeons will participate in hands-on workshops with advanced 
pneumatic instrumentation so their boneworking problems will be 
refined, expedited, and facilitated. 


OR personnel will participate in hands-on workshops as well as give 
particular attention to equipment care and maintenance, so that 
when OR personnel have completed the course, they will have im- 

proved competence in OR support. 


III. Surgeons who have completed the symposium should be able to ap- 
ply immediately their amplified skills in the operating room to do 
their bonework per se in the time delineated:t 
























CRANIUM{?: Osteoplastic , 1% min. ¢ Posterior craniec- 
tomy, 45-60 sec. ° Osteoplas ig iotomy, 1-2 min. ¢ Free tem- 
poral flap, 1 min. + Burr_hole, sec. ®,Hemicraniotomy, 2 min. ® 
Bilateral frontal flap, 31⁄2 min. : lastic subdural buttons, 2 

min. + Work about the, clivi ion anchors * Cranioplasty. 


CRANIOFACIAL, MAXI 
Zygomectomy * Orbital ¢ Supra 
tion * Mandibular osteotomy °)M: 


: Frontal + Maxillectomy ¢ 
Infra orbit e Mandibular resec- 
reduction ¢ Facial fractures ¢ 


Suture holes. 

ORL}: Mastoidectom Amins V Tras abyrinthi ne acoustic neuroma, 
P~ ` iss rbital fossa dissection. 

SPINE?: 4-Place le mY LOT, mix Anterior cervical fusion with 
osteophyte remove 9 gre ¢~min. /® Posterolateral fusions ° 


Posterior inte Poraminotoiaies, 30\sec. e Osteophyte 


$ oy ons r 
removals, 30 s g ; A: tom re Teme vals H n rod transec- 
tion in situ, 2 : 1S terior-alid anteridà * Disc and nerve 
root problems! * Unro ing net oS. Tei sions, 1-8 min. 





BIOPLASTI€ 
Polyethylene/ 


: Methyime facry li e — dissect, excise, shape * 


abrade in sit dissec in situ, ict in situ, shape. 
a Ae 

BIOMETALS?: (Superalloys, Titanium alloys, Stainless steels) Transect 

and shape in OR, 1-6 min.; in situ, 14 min. 







+ Procedural times refer to the actual time of running the instrument. 


Surgeons will be furnished sufficient materials and advice necessary for 
any special procedure they may envision. Plastic, Craniofacial Max- 
illofacial, and ENT problems will be explored according to the individual 

wishes of the surgeons. 


CONFERENCE HOURS: Most conferences begin at 7:00 a.m. and end 
at 1:00 p.m., allowing for other activities in the afternoon and evening. 


CREDITS: Each of these conferences qualifies for AMA-CME credit. 


Pe Segoe - An Sous e Resident — US $585.00 (with letter from 
department hea Roam Personnel (RN PETAT 
50.00. Emel te chek and letter. All enrollments and fee pa 
are made through the Midas Rex Office in Fort orth 


For additional information, call or write. 


AND BIOPLASTICS” 
(NEURO 700) 


SYMPOSIA/HANDS-ON WORKSHOPS 


For Neurosurgeons, Plastic, Craniofacial, 
Maxillofacial, and Otolaryngological Surgeons 


EXTENSION SITES 


PEORIA, IL SEPTEMBER 19-20-21 
Cosponsored by the University of Illinois College 
of Medicine at Peoria, Dept. of Neurosciences. 


LOS ANGELES, CA OCTOBER 18-19-20 
(Immediately precedes the Congress of Neurolog- 
ical Surgeons meeting.) 


PHOENIX, AZ NOVEMBER 5-6-7 
Cosponsored by Barrow Neurological Institute/St. 
Joseph’s Hospital and Medical Center. (Immedi- 
ately precedes the 3rd Annual Barrow Neurological 
Institute Spine Workshop.) 


RICHMOND, VA NOVEMBER 28-29-30 
Cosponsored by the Division of Neurosurgery of 
the Medical College of Virginia, Virginia Com- 
monwealth University. 


MEMPHIS, TN DECEMBER 12-13-14 


KEY WEST, FL JANUARY 16-17-18, 1991 
Cosponsored by Memorial Medical Center, Savan- 
nah, Georgia. 


PARK CITY, UT JANUARY 30-31-Feb. 1 
Cosponsored by The Department of Neurosurgery 
University of Cincinnati Medical Center, Mayfield 
Neurological Institute, The Christ and Good 
Samaritan Hospitals. 


PERMANENT SITES 


Hands-on workshops are held weekly in the permanent 
facility locations listed below. For schedules of these 
courses see permanent facility announcements else- 
where in this journal, or you may telephone to request a 
complete calendar of hands-on workshops. 


DALLAS/FORT WORTH, Home Office, 2929 

Race Street, Fort Worth, TX 

NEW YORK CITY, 115 East 6lst Street, 

Lower Level. 

THE PALM BEACHES, 529 25th Street, West 

Palm Beach, FL 

CHICAGO, 728 West Algonquin Road, prises. 2 
ton Heights, IL 

LOS ANGELES/ANAHEIM, 625 West Katella, 

Unit 22, Orange, CA 

SEATTLE, 547 Industry Drive, Tukwila, WA 


Enrollment is limited. Please call to reserve space 
before sending check or arranging travel plans. All 
enrollments are made through the home office in 
Fort Worth. 


® 


Join the more than 8,500 enrollees who have completed MIDAS REX Hands-On Workshops. 


Secretion and Clinical Significance of Atrial Natriuretic 
Peptide in Patients With Muscular Dystrophy 


Hisaomi Kawai, MD; Katsuhito Adachi, MD; Chiyomi Kimura, MD; Takeshi Nishiuchi, MD; 


Yasuhiro Yamasaki, MD; Yoshihiko Tsutsui, MD; Shiro Saito, MD 


@ The plasma concentration of atrial 
natriuretic peptide was measured in pa- 
tients with muscular dystrophies to study 
its relationship with congestive heart fail- 
ure. In patients with Duchenne muscular 
dystrophy, the plasma atrial natriuretic 
peptide concentration was 35.5 + 3.3 
pg/mL (mean + SE), which was higher 
than that in age-matched normal subjects 
(9.8 + 0.6 pg/mL). It increased with pro- 
gression of disability and showed signifi- 
cant correlations with the cardiothoracic 
ratio and the ratio of the preejection pe- 
riod to the left ventricular ejection time. In 
patients with other types of muscular dys- 
trophy, the plasma atrial natriuretic pep- 
tide concentration showed no significant 
change. Immunohistochemical examina- 
tion demonstrated many atrial natriuretic 
peptide—positive cells in atrial muscle of 
an autopsied patient, indicating preserva- 
tion of the peptide until the end stage. 
These findings suggest that measurement 
of the plasma atrial natriuretic peptide 
concentration is useful for evaluating 
heart failure in patients with Duchenne 
muscular dystrophy. 

(Arch Neurol. 1990;47:900-904) 


I n patients with Duchenne muscular 

dystrophy (DMD), congestive heart 
failure due to myocardial degeneration 
and respiratory insufficiency’? is one of 
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the main causes of death. However, 
early detection of heart failure in pa- 
tients with DMD is difficult because 
symptoms suggestive of heart failure 
are minimal or latent owing mainly to 
limitation of motor activity. In addi- 
tion, there is no simple and effective 
factor for evaluating the grade of 
heart failure in patients with DMD 
except cardiac enlargement and/or 
pulmonary congestion determined 
from chest roentgenograms. 

Atrial natriuretic peptide (ANP) isa 
peptide hormone** released from 
atrial muscle cells* in response to in- 
crease in atrial pressure that induces 
natriuresis®’ and vasorelaxation.’ The 
plasma ANP concentration is known to 
increase in congestive heart failure" 
and reflects the grade of heart 
failure.'*3 

We measured the plasma ANP con- 
centration in patients with various 
types of muscular dystrophy and 
studied its relationship to cardiac dys- 
function to determine whether its con- 
centration can be used to evaluate the 
grade of heart failure and understand 
the pathological condition in patients 
with DMD. 


PATIENTS AND METHODS 


The subjects examined in this study were 
81 patients with muscular dystrophy of 
various types, 5 patients with neurogenic 
muscular atrophy, and 54 normal adults 
and 44 children (under 16 years of age). 
Stages of disability of motor function were 
classified according to the grading of 
Ueda,'* which is a modification of that of 
Rusk” fitted to the Japanese life-style. 

The patients with muscular dystrophy 
consisted of 52 patients with DMD aged 7 to 
29 years (16.2 + 5.7 years, mean + SD) 
with stage 3 to 8 disease; 16 patients with 


limb-girdle type dystrophy aged 18 to 57 
years (44.1 + 10.0 years), stage 4 to 8; 3 pa- 
tients with facioscapulohumeral dystrophy 
aged 36 to 53 years (45.7 + 8.7 years), stage 
3 to 7; 5 patients with Fukuyama-type con- 
genital muscular dystrophy’ aged 8 to 11 
years (9.4 + 1.5 years), stage 6 to 7; and 5 
patients with myotonic dystrophy aged 30 
to 52 years (40.6 + 8.6 years), stage 3 to 7. 
The group with neurogenic muscular atro- 
phy consisted of 5 patients aged 52 to 60 
years (57.4 + 3.1 years) with stage 5 to 8 
disease. Two different age groups of normal 
subjects, groups A and B, were used, be- 
cause there is a significant age difference in 
plasma ANP levels.” Group A included 44 
children and 20 adults, totaling 64 normal 
subjects (33 male, 31 female) aged 5 to 29 
years (17.1 + 7.7 years), who were age 
matched to patients with DMD; group B in- 
cluded 54 normal subjects (33 male, 21 
female) aged 20 to 54 years (48.3 + 11.5 
years), who were age matched to the pa- 
tients other than those with DMD and 
Fukuyama-type congenital muscular dys- 
trophy. 

Samples of 7 mL of venous blood were 
obtained in the recumbent position early in 
the morning after overnight fasting. The 
plasma was promptly separated by centrif- 
ugation, and ANP was extracted in a car- 
tridge (Sep-Pak C18) for radioimmunoas- 
say as reported previously. The recovery 
rate of synthetic ANP added to pooled 
plasma was 78.0%, and the detection limit 
with 95% confidence was 4 pg per tube. The 
intra-assay and interassay coefficients of 
variation at three ANP concentrations (50, 
100, and 200 pg/mL) were below 7.2% and 
9.5%, respectively. 

The cardiothoracic ratio (CTR) was esti- 
mated on chest roentgenograms. The vital 
capacity (% VC), Pao, and Paco, were used 
as indexes of respiratory function. The ra- 
tio of the preejection period to the left ven- 
tricular ejection time (PEP/LVET) was 
calculated from echocardiograms (obtained 
with a Toshiba model SSH-11A, Tokyo, Ja- 
pan). 
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Fig 1.—Plasma atrial natriuretic peptide (ANP) concentrations in normal subjects and patients with 
various types of muscular dystrophy. DMD indicates Duchenne muscular dystrophy; FCMD, 
Fukiyama’s congenital muscular dystrophy; LG, limb-girdle muscular dystrophy; FSH, facioscapu- 


lohumeral muscular dystrophy; MyD, myotonic muscular dystrophy; NMA, neurogenic muscular 
atrophy; and normal A and normal B, normal subjects of groups A and B. Figures in parentheses 


indicate numbers of subjects; asterisk, significant difference (P < .01). 
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Fig 2.—Relationship between plasma atrial natriuretic peptide (ANP) concentration and disability 
grade of the lower extremities in patients with Duchenne muscular dystrophy. Bars show mean se- 
rum ANP concentrations. Closed circles with stars indicate values for patients receiving diuretics. 
The shaded area shows the age-matched normal range of plasma ANP concentrations (4.0 to 19.4 
pg/mL) in group A. The values in the patients of stage 3 are high relative to normal range, and 
those of stage 4 are significantly higher than those of normal control A (P < .01) and stage 5 
(P < .05). The values of stages 7 and 8 were significantly higher than those of stage 5 (P < .05), 
but those of patients who had received diuretics were not included in the statistical analysis. 


Serum creatine kinase (CK) activity was 
measured by the method of Ebashi et al'® 
(normal, <0.025 U/L [using the method of 
Ebashi et al, which the authors did, the 
value was 25 U/mL]). Serum myoglebin 
(Mb) concentration was assayed!” with a 
myoglobin kit (Daiichi RI Co; normal, <50 
ng/mL). Significances of difference were 
analyzed by Student’s t test, and P < .05 
was considered statistically significant. In 
evaluation of the relationship between 
ANP levels and the disability grades, the 
Wilcoxon test was used for statistical anal- 
ysis of variance. 
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The localization of ANP in the heart of an 
autopsied patient with DMD (18-year-old 
man) was examined immunohistochemi- 
cally by the avidin-biotin complex (ABC)- 
peroxidase method with specific antiserum 
to human ANP as described previously.” 


RESULTS 
Plasma ANP Concentrations in Normal 
Subjects and Patients With Various 
Types of Muscular Dystrophy 


As shown in Fig 1, the ANP concen- 
tration was 9.8 + 0.6 pg/mL (mean + 


SE; range, 4.0 to 19.4 pg/mL) and 
19.3 + 1.0 pg/mL (6.5 to 35.4 pg/mL) in 
normal subjects of groups A and B, re- 
spectively. There was no significant 
difference between male and female 
subjects. The ANP level was 35.5 + 3.3 
pg/mL (3.8 to 105.3 pg/mL) in patients 
with DMD, which was significantly 
higher than that in normal subjects of 
group A (P < .01). It was also elevated 
relative to the normal range (group A) 
in patients with Fukuyama-type con- 
genital muscular dystrophy (23.5 + 9.1 
pg/mL, 1.3 to 55.7 pg/mL), which was 
not statistically significant. The 
plasma ANP level was 28.3 + 5.3 pg/ 
mL (1.5 to 63.5 pg/mL) in patients with 
limb-girdle type dystrophy, 28.3 + 
13.2 pg/mL (1.9 to 42.9 pg/mL) in pa- 
tients with facioscapulohumeral dys- 
trophy, 14.9 + 4.0 pg/mL (5.8 to 26.3 
pg/mL) in patients with myotonic dys- 
trophy, and 26.1 + 6.6 pg/mL (8.8 to 
39.6 pg/mL) in patients with neuro- 
genic muscular atrophy. These values 
were not significantly different from 
those in normal subjects (group B). 


Relationship Between Plasma ANP 
Concentration and Other Measures of 
Skeletal Muscle, Cardiac, and 
Respiratory Dysfunction in DMD 


Relationship Between Plasma ANP 
Concentration and Disability Stage.— 
The plasma ANP concentration in the 
patients with DMD varied with the 
grade of disability. As shown in Fig 2, 
the ANP concentration was 37.0 + 9.4 
pg/mL (21.8 to 54.3 pg/mL) at stage 3 
and 35.2 + 4.9 pg/mL (21.9 to 59.4 pg/ 
mL) at stage 4, these levels being 
higher than the normal range. The 
mean level decreased to 21.7 + 2.6 pg/ 
mL in stage 5, and it was 27.2 + 6.6 
pg/mL (5.1 to 94.3 pg/mL) in stage 6, 
but again increased to 51.5 + 8.5 pg/ 
mL (14.0 to 105.3 pg/mL) in stage 7 and 
43.7 + 9.3 pg/mL (3.8 to 94.5 pg/mL) in 
stage 8. The cases indicated by stars in 
Fig 2 had received diuretics (furose- 
mide, 20 mg/d) for a long period. The 
three patients in stage 8 with normal 
plasma ANP levels were also treated 
with diuretics. 

The ANP values in the patients of 
stage 3 were elevated relative to nor- 
mal, which, however, was not statisti- 
cally significant. The values of stage 4 
were significantly higher than those of 
normal control group A (P < .01) and 
stage 5 (P < .05). The values of stages 
7 and 8 were significantly higher than 
those of stage 5 (P < .05), but the dif- 
ference between stages 5 and 6 was not 
significant. The values of patients who 
had received diuretics were not in- 
cluded in the statistical analysis. 

Relationship Between Plasma ANP 
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Fig 3.—Relationship between plasma atrial natriuretic peptide (ANP) concentration and car- 
diothoracic ratio (CTR) in patients with Duchenne muscular dystrophy. Closed circles with stars 


indicate values for patients receiving diuretics. 
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Fig 4.—Relationship between plasma atrial natriuretic peptide (ANP) concentration and ratio of 
preejection period to the left ventricular ejection time (PEP /LVET) in patients with Duchenne mus- 
cular dystrophy. Closed circles with stars indicate values for patients receiving diuretics. 


Concentration and CTR.—The CTR was 
measured in all patients with DMD in 
the standing or sitting positions except 
those in stage 8, who were unable to sit 
(Fig 3), in whom it was measured in the 
supine position. The CTR value ranged 
from 38.1% to 60.0% (48.8% + 4.4%, 
mean + SD) and was positively corre- 
lated with the plasma ANP concentra- 
tion (r = .458, P < .01). 

Relationship Between Plasma ANP 
Concentration and PEP/LVET.—The 
PEP/LVET ratio, an index of cardiac 
function, ranged from 0.185 to 0.469 
(0.316 + 0.100, mean + SD) in 25 pa- 
tients with DMD, as shown in Fig 4. 
The ratio showed a positive correlation 
with the plasma ANP level, with a 
correlation coefficient of .723 (P < .01). 

Relationship Between Plasma ANP 
Concentration and % VC or Paco,.—The 
%VC ranged from 11.38% to 99.9% 
(40.8% + 23.0%, mean + SD) in 42 
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patients with DMD aged 7 to 27 years 
(Fig 5). The Paco, values in 29 patients 
with DMD ranged from 37 to 71 mm Hg 
(49.2 + 7.4mm Hg; Fig 5). No definite 
correlation was found between the 
plasma ANP level and the %VC 
(r = —.128, n = 42) or Paco, (r = .064, 
n = 28), although high plasma ANP 
levels were mainly found in patients 
with %VC values of less than 50% 
(Fig 5). 

Relationship Between Plasma ANP 
Concentration and Serum CK Activity or 
Serum Mb Concentration.—In the pa- 
tients with DMD, the serum CK activ- 
ity ranged from 0.013 to 0.929 U/L 
(again, following the method of Ebashi 
et al,'* which the authors did, the val- 
ues were 13 to 929 U/mL) 
(0.206 + 0.211 U/L [or 205.7 + 210.7 
U/mL using Ebashi and coworkers’ 
methods], mean + SD) and Mb con- 
centration from 28 to 1500 ng/mL 


(344.5 + 302.3 ng/mL). No statistical 
correlation was found between the 
plasma ANP and the CK activities 
(r = —.122, n = 51) or the Mb concen- 
trations (r= —.008, n=51; Fig 6). 
Most of the patients showed elevated 
levels of serum CK and Mb. The num- 
ber of patients with high serum ANP 
levels tended to increase with de- 
creases in serum CK activity and Mb 
concentration, which reflects progres- 
sion of the disease.” 

Immunohistochemical Study of ANP 
in Atrial Muscle in Autopsied Case 
of DMD.—On histological examina- 
tion, the right atrial tissue stained 
with hematoxylin-eosin revealed fi- 
brosis and variation in size of atrial 
muscle cells. On immunohistochemical 
examination, brown staining for ANP 
was observed in the cytoplasm of al- 
most all atrial muscle cells, with in- 
tense staining in the area around the 
nucleus (Fig 7). 


COMMENT 


In the past, respiratory insufficiency 
has been a major cause of death of pa- 
tients with DMD.” However, recent 
developments of new antibiotics and 
improved artificial respirators’ have 
contributed to better management of 
pulmonary complications in patients 
with DMD. As a result, heart failure 
has become one of the major concerns 
in the management of DMD. However, 
early, definite diagnosis of heart fail- 
ure is difficult, because these patients 
usually do not show characteristic 
signs and symptoms of congestive 
heart failure, such as edema of the 
legs. Moreover, electrophysiological 
examination cannot be used to evalu- 
ate heart failure because of marked 
deformities of the spine and thorax of 
the patients. Therefore, a biochemical 
marker would be useful as a supple- 
mentary test to estimate heart failure 
in DMD. 

Human ANP was first isolated* in 
1984, and its biochemical properties 
and physiological functions have been 
studied extensively.*?*! A radioim- 
munoassay for ANP was developed, 
and we and others have reported 
studies on the plasma ANP levels in 
normal subjects and patients with var- 
ious disorders.”'3*>*! In patients with 
congestive heart failure, the plasma 
ANP concentration increases in re- 
sponse to increase in atrial pressure’? 
and so is a good marker of the grade of 
heart failure. 

In the present study, we measured 
the plasma ANP concentration in the 
patients with muscular dystrophy and 
examined the relationships between 
the plasma ANP concentration and 
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Fig 5.—Relationships between plasma atrial natriuretic peptide (ANP) 
concentration and percent vital capacity and Paco, in patients with 


Duchenne muscular dystrophy. 


indexes of skeletal muscle dysfunction, 
heart failure, and respiratory insuffi- 
ciency. 

In patients with DMD, the plasma 
ANP concentration was 35.5 + 3.3 pg/ 
mL (mean + SE), which was higher 
than that in normal subjects (group 
A). However, it was not elevated in 
patients with other types of muscular 
dystrophy with similar grades of dis- 
ability (stage 5 to 6) as compared with 
the age-matched control subjects 
(group B). This can be interpreted to 
suggest overt or latent heart failure in 
patients with DMD. This suggestion is 
compatible with findings in previous 
pathological studies of degenerative 
changes and fibrosis of the cardiac 
muscles in patients with DMD at ad- 
vanced stages.’ 

In our patients with DMD, the 
plasma ANP level was found to vary at 
different stages and was slightly 
higher than normal in the patients at 
stages 3 and 4, who were still ambu- 
lant. However, the plasma ANP level 
decreased close to the normal range in 
patients at stage 5, who became unable 
to walk or who were confined to a 
wheelchair. One reason for this de- 
crease may be decrease in cardiac over- 
load by decreased physical exercise of 
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Fig 6.—Relationships between plasma atrial natriuretic peptide (ANP) 
concentration and serum creatine kinase (CK) activity and serum myo- 


globin (Mb) concentration in patients with Duchenne muscular dystro- 


phy. 


patients at this stage. This possibility 
is supported by reports that even in 
normal subjects the plasma ANP level 
is elevated by physical exercise,” 
which causes a rise in atrial pressure.” 
Therefore, in patients with DMD, 
the decrease in the plasma ANP con- 
centration at stage 5 might be at- 
tributed to a decrease in atrial pres- 
sure resulting from decreased physical 
exercise. 

After stage 5, the plasma ANP con- 
centration again increased above the 
normal level, suggesting gradual pro- 
gression of heart failure. Interest- 
ingly, the mean plasma ANP concen- 
tration in stage 8 was higher than 
normal but rather lower than that in 
stage 7. In patients at stage 8, heart 
failure is usually treated with diuret- 
ics, which reduce the circulating blood 
volume and hence the plasma ANP 
level. A few patients in stage 7 or 8, 
however, did not receive diuretics, but 
had a normal or close to normal 
plasma ANP level. In these patients, 
degeneration and dysfunction of car- 
diac muscle may have been less than 
that of skeletal muscle, or degenera- 
tion of the atrial muscle cells may have 
resulted in hyposecretion of ANP. 

As mentioned above, cardiac failure 





Fig 7.—Immunohistochemical detection of 
atrial natriuretic peptide (ANP) in cardiac atrial 
muscle obtained from an autopsied case of 
Duchenne muscular dystrophy. Many ANP- 
positive cells are observed. Arrows indicate in- 
tense staining around the nucleus (avidin- 
biotin complex-peroxidase method with hema- 
toxylin counterstaining, X400). 


in patients with DMD, especially those 
at later stages, cannot always be eval- 
uated from the electrocardiogram and 
echocardiogram. At present, CTR is 
often used as an index of heart failure. 
We found a positive correlation be- 
tween the plasma ANP concentration 
and CTR in the patients, indicating the 
value of measurement of plasma ANP 
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for detection of cardiac dysfunction. 
Matsuoka et al? reported a positive 
correlation between the CTR and 
plasma ANP concentration in children 
with ventricular septal defect with 
high atrial pressure. This finding is 
also evidence that increase in atrial 
pressure is the main cause for an ele- 
vated plasma ANP concentration in 
patients with DMD. Furthermore, this 
study showed a significant correlation 
between the plasma ANP concentra- 
tion and PEP/LVET, indicating that 
elevation of the plasma ANP concen- 
tration may result from latent heart 
failure in DMD. 

No significant correlation was found 
between the plasma ANP concentra- 
tion and the % VC or Paco,. However, 
some patients with high plasma ANP 
values had low values of %VC. There- 
fore, there may be some relation be- 
tween pulmonary dysfunction and 
heart failure in DMD, although the re- 
lations could not be confirmed. In this 
regard, it is interesting that Yot- 
sukura et al? observed an elevated 
right atrial pressure in five of eight 
patients with DMD who had right 
ventricular failure with respiratory 
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hypofunction (Pao,, <50.4 mm Hg; 
Paco, >69.4 mm Hg). 

Also, no definite correlation was 
found between the ANP concentration 
and serum CK activity or serum Mb 
concentration. In the late stage of the 
disease, however, many patients with 
high ANP concentrations tended to 
have low values of serum CK and Mb 
(data not given), as shown in Fig 6. Be- 
cause both CK and Mb values in pa- 
tients with DMD decrease with pro- 
gression of the disease,” this may in- 
dicate that patients with marked 
skeletal muscle degeneration have 
high grades of heart failure. 

In patients with DMD, the plasma 
ANP concentration tends to increase 
with advance of heart failure. Our im- 
munocytochemical study also showed 
preservation of ANP-positive atrial 
muscle cells in the heart of a case of 
DMD at autopsy. These findings sug- 
gest that the atrium can still release 
ANP even at later stages of DMD. 

Increase in the plasma level of ANP 
in patients with DMD is unlikely to be 
due to leakage of ANP from degener- 
ated atrial muscles, because during 
progression of the disease the plasma 
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ANP level increases, whereas the se- 
rum concentrations of proteins that 
leak, such as CK and Mb, decrease.” 
Partial contribution of the leakage of 
ANP to the increased plasma values 
cannot completely be excluded. 

In patients with muscular dystrophy 
other than DMD, the plasma ANP 
concentration was not significantly el- 
evated. This, together with clinical 
findings, suggests that in light of the 
normal ANP values, heart failure is 
not present in the patients we have 
studied. However, this remains to be 
confirmed with a larger number of pa- 
tients with these disorders. 

In conclusion, this study indicates 
that in patients with DMD, elevation 
of the plasma ANP concentration 
probably reflects cardiac dysfunction 
and is related to physical disability due 
to muscle atrophy. It is suggested that 
the measurement of the plasma ANP 
level will be useful for estimating 
heart failure in cases of DMD. 
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WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN 
ASSOCIATION WITH THE USE OF TEGRETOL. DATA FROM A POPULATION- 
BASED CASE CONTROL STUDY DEMONSTRATE THAT THE RISK OF DE- 
VELOPING THESE REACTIONS IS 5-8 TIMES GREATER THAN IN THE 
GENERAL POPULATION. HOWEVER, THE OVERALL RISK OF THESE REAC- 
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PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED 
PLATELET OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN 
ASSOCIATION WITH THE USE OF TEGRETOL, DATA ARE NOT AVAILABLE 
TO ESTIMATE ACCURATELY THEIR INCIDENCE OR OUTCOME. HOWEVER, 
THE VAST MAJORITY OF THE CASES OF LEUKOPENIA HAVE NOT PRO- 
GRESSED TO THE MORE SERIOUS CONDITIONS OF APLASTIC ANEMIA OR 
AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND 
APLASTIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATOLOGIC 
CHANGES OBSERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE 
UNLIKELY TO SIGNAL THE OCCURRENCE OF EITHER ABNORMALITY 
NONETHELESS, COMPLETE PRETREATMENT HEMATOLOGICAL TESTING 
SHOULD BE OBTAINED AS A BASELINE. IF A PATIENT IN THE COURSE OF 
TREATMENT EXHIBITS LOW OR DECREASED WHITE BLOOD CELL OR 
PLATELET COUNTS, THE PATIENT SHOULD BE MONITORED CLOSELY 
DISCONTINUATION OF THE DRUG SHOULD BE CONSIDERED IF ANY EVI- 
DENCE OF SIGNIFICANT BONE MARROW DEPRESSION DEVELOPS 


Before prescribing Tegretol, the physician should be thoroughly familiar 
with the details of this prescribing information, particularly regarding use with 
other orate. especially those which accentuate toxicity potential. 
DESCRIPTION 
Tegretol. carbamazepine USP. is an anticonvulsant and specific analgesic for 
trigeminal neuralgia, available as chewable tablets of 100 mg and tablets of 
200 mg for oral administration. Its chemical name is 5H-dibenz(b.f|azepine-5- 
carboxamide, and its structural formula is 
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Carbamazepine USP ıs a white to off-white powder. practically insoluble in 
water and soluble in alcohol and in acetone. Its molecular weight is 236 27 
Inactive Ingredients Colloidal silicon dioxide, FD&C Red No. 3 (chewable tablets 
only), FD&C Red No. 40 (200-mg tablets only), flavoring (chewable tablets only). 
gelatin, glycerin, magnesium Stearate, sodium starch glycolate (chewable tablets 
only), starch, stearic acid, and sucrose (chewable tablets only) 

CLINICAL PHARMACOLOGY 

In controlled clinical trials, Tegretol has been shown to be effective in the 
treatment of psychomotor and grand mal seizures, as well as trigeminal 
neuralgia 

It has demonstrated anticonvulsant properties in rats and mice with electrically 
and chemically induced seizures. It appears to act by reducing polysynaptic 
responses and blocking the posttetanic potentiation. Tegretol greatly reduces or 
abolishes pain induced by stimulation of the infraorbital nerve in cats and rats. It 
depresses thalamic potential and bulbar and polysynaptic reflexes, including the 
linguomandibular reflex in cats. Tegretol is chemically unrelated to other anticon- 
vulsants or other drugs used to contro! the pain of trigeminal neuralgia. The 
mechanism of action remains unknown 

Tegretol tablets are adequately absorbed after oral administration at a slower 
rate than a solution, thus avoiding undesirably high peak concentrations. Tegretol 
in blood 1s 76% bound to plasma proteins. Plasma levels of Tegreto! are variabie 
and may range from 0.5-25 ug/ml, with no apparent relationship to the daily 
intake of the drug. Usual adult therapeutic levels are between 4 and 12 ug/ml 
Following oral administration, serum levels peak at 4 to 5 hours. The CSF/serum 
ratio is 0.22, similar to the 22% unbound Tegretol in serum. Because Tegretol may 
induce its own metabolism, the half-life is also variable. Initial half-life values 
range from 25-65 hours, with 12-17 hours on repeated doses. Tegretol is metabo- 
lized in the liver. After oral administration of 14C-carbamazepine. 72% of the 
administered radioactivity was found in the urine and 28% in the feces. This 
urinary radioactivity was composed largely of hydroxylated and conjugated me- 
tabolites, with only 3% of unchanged Tegreto! Transplacental passage of Tegretol 
is rapid (30 to 60 minutes), and the drug is accumulated in fetal tissues, with 
higher levels found in liver and kidney than in brain and lungs 
INDICATIONS AND USAGE 
Epilepsy: hps segn iS indicated for use as an anticonvulsant drug. Evidence 
supporting efficacy of Tegretol as an anticonvulsant was derived trom active drug- 
controlled studies that enrolled patients with the following seizure types 
1. Partial seizures with complex symptomatology (psychomotor, temporal lobe) 
Patients with these seizures appear to show greater improvement than those with 
other types 
2. Generalized tonic-clonic seizures (grand mal) 

3. Mixed seizure patterns which include the above, or other partial or generalized 
seizures 

Absence seizures (petit mal) do not appear to be controlled by Tegreto! (see 
PRECAUTIONS. General) 

Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associated 
with true trigemina te, aa 

Beneficial results have also been reported in glossopharyngeal neuralgia 

This drug ıs not a simple analgesic and should not be used for the relief of trivial 
aches OF pains 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow 
depression, hypersensitivity to the drug. or known sensitivity to any of the 
tricyclic compounds, such as amitriptyline. desipramine. imipramine, protrip- 
tyline, nortriptyline, etc. Likewise, on theoretical grounds its use with mono- 
amine oxidase inhibitors is not recommended. Before administration of bes a 
MAO inhibitors should be discontinued for a minimum of fourteen days, or longer 
if the clinical situation permits 
WARNINGS 
Patients with a history of adverse hematologic reaction to any drug may be 
particularly at risk 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyell’s 
syndrome) and Stevens-Johnson syndrome. have been reported with Tegretol 
These reactions have been extremely rare. However, a few fatalities have been 
reported 

Tegretol has shown mild che ile activity, therefore, patients with in- 
creased intraocular pressure should be closely observed during therapy 

Because of the relationship of the drug to other tricyclic compounds, the 
possibility of activation of a latent psychosis and. in elderly patients, of confusion 
or agitation should be borne in mind 
PRECAUTIONS 
General: Before initiating therapy, a detailed history and physical examination 
should be made 

Tegreto! should be used with caution in patients with a mixed seizure disorder 
that includes atypical absence seizures, since in these patients Tegretol has been 
associated with increased frequency of generalized convulsions (see INDICA- 
TIONS AND USAGE) 

Therapy should be prescribed only atter critical benefit-to-risk appraisal in 
patients with a history of cardiac, hepatic or renal damage, adverse hematologic 
reaction to other drugs, or interrupted courses of therapy with Tegretol 
Information for Patients: Patients should be made aware of the early toxic signs 
and symptoms of a potential hematologic problem, such as fever. sore throat, 
ulcers in the mouth, easy bruising. petechia! or purpuric hemorrhage. and should 
be advised to report to the physician immediately it any such signs or symptoms 
appear 

eines dizziness and drowsiness may occur. patients should be cautioned about 
the hazards of operating machinery or automobiles or engaging in other poten- 
tially dangerous tasks 





Laboratory Tests: Complete pretreatment blood counts. including platelets and 
possibly reticulocytes and serum iron, should be obtained as a baseline. If a 
patient in the course of treatment exhibits low or decreased white blood cell or 
platelet counts, the patient should be monitored closely. Discontinuation of the 
drug should be considered if any evidence of significant bone marrow depression 
develops 

Baseline and periodic evaluations of liver function, particularly in patients with 
a history of liver disease. must cad clio during treatment with this drug 
since liver damage may occur. The drug should be discontinued immediately in 
cases of aggravated liver dysfunction or active liver disease 

Baseline and periodic eye examinations, including slit-lamp, funduscopy and 
tonometry, are recommended since many phenothiazines and related drugs have 
been shown to cause eye changes 

Baseline and periodic complete urinalysis and BUN determinations are recom- 
mended for patients treated with this agent because of observed renal 
dystunction 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the 
efficacy and safety of anticonvulsants. This monitoring may be particularly useful 
in cases of dramatic increase in seizure frequency and for verification of com- 
pliance. In addition, measurement of drug serum levels may aid in determining 
the cause of toxicity when more than one medication is being used 

Thyroid function tests have been reported to show decreased values with 
Tegretol administered alone 

yponatremia has been reported in association with Tegretol use, either alone 
or in combination with other drugs 
Drug Interactions: The simultaneous administration of phenobarbital. phenytoin, 
or primidone, or a combination of two. produces a marked lowering of serum 
levels of a The effect of valproic acid on Tegreto! biood ‘evels is not clearly 
established. 

The half-lives of phenytoin, warfarin, doxycycline. and theophylline were 
significantly shortened when administered concurrently with Tegretol 
Haloperidol and valproic acid serum levels may be reduced when these drugs are 
administered with Tegretol The doses of these drugs may therefore have to be 
increased when Tegretol is added to the therapeutic regimen 

Concomitant administration of Tegretol with erythromycin. cimetidine, pro- 
poxyphene, isoniazid or calcium channel blockers has been reported to result in 
elevated plasma levels of carbamazepine resulting in toxicity in some cases. Also. 
concomitant administration of carbamazepine and lithium may increase the risk of 
neurotoxic side effects 

Alterations of thyroid function have been reported in combination therapy with 
other anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiving con- 
comitant oral contraceptives and their reliability may be adversely affected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carbamazepine. when 
administered to Sprague-Dawley rats for two years in the diet at doses of 25, 75. 
and 250 mg/kg/day. resulted in a dose-related increase in the incidence of 
hepatocellular tumors in females and of benign interstitial cell adenomas in the 
testes of males 

Carbamazepine must, therefore. be considered to be carcinogenic in Sprague- 
Dawley rats. Bacterial and mammalian mutagenicity studies using carbamazepine 
produced negative results. The significance of these findings relative to the use of 
carbamazepine in humans is, at present, unknown 
Pregnancy Category C: Tegreto! has been shown to have adverse effects in 
reproduction studies in rats when given orally in dosages 10-25 times the max- 
imum human ripe ey = of 1200 mg. In rat teratology studies, 2 of 135 offspring 
showed kinked ribs at 250 mg/kg and 4 of 119 offspring at 650 mg/kg showed 
other anomalies (cleft palate. 1. talipes. 1. anopnthalmos. 2). In reproduction 
Studies in rats, nursing offspring demonstrated a lack of weight gain and an 
unkempt appearance at a maternal dosage level of 200 mg/ka. 

There are no adequate and well-controlled studies in pregnant women. Tegretol 
should be used during pregnancy only if the potential benefit justities the potential 
risk to the fetus 


Only TEGRETOL. 
brand of carbamazepine, 
provides the prescribing 


flexibility of a 100-mg scored 
chewable tablet, as well as 
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Retrospective case reviews suggest that, compared with monotherapy, there 
may be a higher prevalence of teratogenic effects associated with the use of 
anticonvulsants in combination therapy Therefore. monotherapy is recom- 
mended for pregnant women 

It is important to note that anticonvulsant drugs should not be discontinued in 
patients in whom the drug is administered to prevent major seizures because of 
the strong possibility of precipitating status epilepticus with attendant hypoxia 
and threat to life. In individual cases where the severity and frequency ot the 
seizure disorder are such that removal of medication does not pose a serious 
threat to the patient. discontinuation of the drug may be comsidered prior to and 
during pregnancy, although it cannot be said with any confidence that even minor 
seizures do not pose some hazard to the developing embryo or fetus 
Labor and Delivery: The effect of Tegretol on human labor and delivery is 
unknown 
Nursing Mothers: During lactation, concentration of Tegretol in milk 1s approxi- 
mately 60% of the maternal plasma concentration 

Because of the potential for serious adverse reactions in nursing infants trom 
carbamazepine. a decision should be made whether to discontinue nursing or to 
discontinue the drug. taking into account the importance of the drug to the 
mother 
Pediatric Use: Satety and effectiveness in children below the age of 6 years have 
not been established 
ADVERSE REACTIONS 
If adverse reactions are of such severity that the drug must be discontinued, the 
physician must be aware that abrupt discontinuation of any anticonvulsant drug in 
a responsive epileptic patient may lead to seizures or even Status epilepticus with 
its life-threatening hazards 

The most severe adverse reactions nave been observed in the hemopoietic 
system (See boxed WARNING). the skin and the cardiovascular system 

The most frequently observed adverse reactions. particularly during the initial 
phases of therapy, are dizziness. drowsiness, unsteadiness. nausea, and vomit- 
ing To minimize the possibility of such reactions. therapy should be initiated at 
the low dosage recommended 

The following additional adverse reactions have been reported 
Hemopoietic System Aplastic anemia, agranulocytosis. pancytopenia, bone 
marrow depression, thrombocytopenia, leukopenia. leukocytosis, eosinophilia 
Skin Pruritic and erythematous rashes, urticaria. toxic epidermal igi iig 
(Lyells syndrome) (see WARNINGS), Stevens-Johnson syndrome (see WARN- 
INGS). photosensitivity reactions, alterations in skin pigmentation. exfoliative 
dermatitis, erythema multiforme and nodosum, purpura. aggravation of dissemi- 
nated lupus erythematosus. alopecia, and diaphoresis In certain cases. discon- 
tinuation of therapy may be necessary 
Cardiovascular System Congestive heart failure, edema. aggravation of hyper- 
tension, hypotension. syncope and collapse. aggravation of coronary artery 
disease, arrhythmias and AV block, primary thrombophiebitis. recurrence of 
thrombophlebitis. and adenopathy or lymphadenopathy 

Some of these cardiovascular complications have resulted in fatalities, Myocar- 
dial infarction has been associated with other tricyclic compounds 
Liver’ Abnormalities in liver function tests. cholestatic and hepatocellular jaun- 
dice, hepatitis 
Respiratory System Pulmonary hypersensitivity characterized by fever. dys- 
pnea, pneumonitis or pneumonia 
Genitourinary System Urinary frequency, acute urinary retention, oliguria with 
elevated blood pressure. azotemia, renal failure. and impotence Albuminuria. 
glycosuria, elevated BUN and microscopic deposits in the urine have also been 
reported 

Testicular atrophy occurred in rats receiving Tegretol orally from 4 to 52 weeks 
at dosage levels of 50 to 400 mg/kg/day Additionally, rats receiving Tegretol in the 
diet for two years at dosage levels of 25, 75, and 250 mg/kg/day had a dose- 
related incidence of testicular atrophy and aspermatogenesis In dogs. it pro- 
duced a brownish discoloration. presumably a metabolite, in the urinary bladder 
at dosage levels of 50 mg/kg and higher. Relevance of these findings to humans is 
unknown 
Nervous System Dizziness, drowsiness, disturbances of coordination, con- 
fusion. headache, fatigue. blurred vision, visual hallucinations, transient di- 
plopia, oculomotor disturbances. nystagmus. speech disturbances. abnormal 
involuntary movements. peripheral neuritis and paresthesias. depression with 


agitation, talkativeness, tinnitus, and hyperacusis 
There have been reports of associated paralysis and other symptoms of cere- 

bral arterial insufficiency, but the exact relationship of these reactions to the drug 
has not been established 
Digestive System Nausea, vomiting. gastric distress and abdominal pain, diar- 
rhea, ael gi anorexia, and dryness of the mouth and pharynx, including 
boas and stomatitis 

yes. Scattered, punctate, cortical lens opacities. as well as conjunctivitis have 
been reported Although a direct causal relationship has not been established, 
many phenothiazines and related drugs have been shown to cause eye changes 
Musculoskeletal System- Aching joints and muscles, and leg cramps 
Metabolism. Fever and chills Inappropriate antidiuretic hormone (ADH) secre- 
tion syndrome has been reported. Cases of frank water intoxication. with de- 
creased serum sodium (hyponatremia) and confusion. have been reported in 
association with Tegretol use (see PRECAUTIONS, Laboratory Tests) 


Other. Isolated cases of a lupus erythematosus-like syndrome have been re- 
ported There have been occasional reports of elevated levels of cholesterol, HDL 
cholesterol and po ocean in patients taking anticonvulsants 
DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol. nor is there 
evidence alla aa Or physical dependence in humans 
OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose adults, >60 g (39-year-old man) Highest known 
doses survived adults, 30 g (31-year-old woman), children, 10 g (6-year-old 
boy), small children, 5 g (3-year-old girl) 

Oral LDso in animals (mg/kg) mice, 1100-3750. rats, 3850-4025. rabbits. 
1500-2680, guinea pigs. 920 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours. Neuromuscular dis- 
turbances are the most prominent. Cardiovascular disorders are generally milder, 
and severe Cardiac complications occur only when very high doses (>66 9) have 
been ingested 
Respiration. Irregular breathing, respiratory depression 
Cardiovascular System, Tachycardia, hypotension or hypertension, shock, con- 
duction disorders 
Nervous System and Muscles: Impairment of consciousness ranging in severity 
to deep coma. Convulsions, especially in small children Motor restlessness. 
muscular twitching, tremor, athetoid movements, opisthotonos, ataxia, drow- 
siness, dizziness, mydriasis, nystagmus. adiadochokinesia, ballism, psycho- 
motor disturbances. spl Initial hyperreflexia, followed by hyporeflexia 
Gastrointestinal Tract: Nausea. vomiting 
Kidneys and Bladder Anuria or oliguria, urinary retention 
Laboratory Findings \solated instances of overdosage have included leu- 
kocytosis, reduced leukocyte count. glycosuria and acetonuria. EEG may show 
dysrhythmias 
Combined Poisoning. When alcohol, tricyclic antidepressants, barbiturates or 
hydantoins are taken at the same time. the signs and symptoms of acute poison- 
ing with Tegretol may be aggravated or modified 
Treatment 
The prognosis in cases of severe poisoning is critically dependent upon prompt 
elimination of the drug, which may be achieved by inducing vomiting. irrigating 
the stomach, and by taking appropriate steps to diminish absorption. If these 
measures Cannot be implemented without risk on the spot, the patient should be 
transferred at once to a hospital, while ensuring that vital functions are safe- 
oak There is no specific antidote 

limination of the Drug Induction of vomiting 

Gastric lavage Even when more than 4 hours have elapsed following ingestion 
of the drug. the stomach should be repeatedly irrigated. especially if the patient 
has also consumed alcoho! 
Measures to Reduce Absorption Activated charcoal, laxatives 
Measures to Accelerate Elimination’ Forced diuresis 

Dialysis ıs indicated only in Severe poisoning associated with renal failure. 
Replacement transfusion is indicated in severe poisoning in small children 
Respiratory Depression. Keep the airways free. resort, if necessary, to endo- 
tracheal intubation, artificial respiration, and administration of oxygen 
Hypotension, Shock Keep the patient's legs raised and administer a plasma 
expander. If blood pressure fails to rise despite measures taken to increase 
plasma volume, use of vasoactive substances should be considered. 
Convulsions: Diazepam or barbiturates 
Warning Diazepam or barbiturates may aggravate respiratory depression (espe- 
cially in children), hypotension, and coma. However, barbiturates should not be 
used if drugs that inhibit monoamine oxidase have also been taken by the patient 
either in overdosage or in recent therapy (within one week) 
Surveillance Respiration, cardiac tunction (ECG monitoring). biood pressure. 
body temperature, pupillary reflexes, and kidney and bladder function should be 
monitored for several days 
Treatment of Blood Count Abnormalities \f evidence of significant bone marrow 
depression develops. the following recommendations are suggested: (1) 44: the 
drug. (2) perform daily CBC, platelet and reticulocyte counts, (3) do a bone 
Marrow aspiration and trephine biopsy immediately and repeat with sufficient fre- 
quency to monitor recovery 

opens periodic studies might be helpful as follows (1) white cel! and platelet 
antibodies, (2) S9Fe—terrokinetic studies, (3) peripheral blood cell typing, 
(4) P ad pa studies on marrow and peripheral blood. (5) bone marrow culture 
Studies for colony-forming units, (6) hemoglobin electrophoresis for Ag and 
F hemoglobin, and (7) serum folic acid and B42 levels 

A tully developed aplastic anemia will require appropriate, intensive monitoring 
and therapy. for which specialized consultation should be sought 
DOSAGE AND ADMINISTRATION 
Monitoring of blood levels has increased the efficacy and safety of anti- 
convulsants (see PRECAUTIONS. Laboratory Tests). Dosage should be adjusted 
to the needs of the individual patient A low initial daily dosage with a gradual 
increase ıs advised. As soon as adequate control is achieved. the dosage may be 
reduced very gradually to the minimum effective level Tablets should be taken 
with meals 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—Initial 200 mg bd: d Increase at 
weekly intervals by adding up to 200 mg per day using atid orqi.d. regimen 
until the best response is obtained. Dosage should generally not exceed 1000 m 
daily in children 12 to 15 years of age. and 1200 mg daily in patients above 1 
years of p Doses up to 1600 mg daily have been used in adults in rare 
instances. Maintenance: Adjust dosage to the minimum effective level, usually 
800-1200 mg daily 
Children 6-12 years of age—Initial: 100 mq b.i d. Increase at weekly intervals 
by adding 100 mg per day usingat.i.d orqi.d i He until the best response is 
obtained. Dosage should generally not exceed 1000 mg. Maintenance: Adjust 
dosage to the minimum effective level, usually 400-800 mg daily 
Combination Therapy: Tegretol may be used alone or with other anticonvulsants 
When added to existing anticonvulsant therapy, the drug should be added gradu- 
ally while the other anticonvulsants are maintained caf rer decreased, except 
phenytoin, which may have to be increased (see PRECAUTIONS, Drug Inter- 
actions and Pregnancy Category C) 
Trigeminal Neuralgia (see INDICATIONS AND USAGE) 
Initial: 100 mg b 1.0. on the first day for a total daily dose of 200 mg. This gay 
dose may be increased by up to 200 mg a day using increments of 100 mg every 1 
hours only as needed to achieve freedom from pain Do not exceed 1200 mg daily 
Maintenance: Control of pain can be maintained in most patients with 400 mg to 
800 mg daily. However, some patients may be maintained on as little as 200 mg 
daily, while others may require as much as 1200 mg daily At least once every 
months throughout the treatment period, attempts should be made to reduce the 
dose to the minimum effective level or even to discontinue the drug 
HOW SUPPLIED 
Chewable Tablets 100 mg—round, red-speckled, pink. single-scored (imprinted 
Tegretol on one side and 52 twice on the scored side) 
Bottles of 100 NDC 0028-0052-01 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NDC 0028-0052-61 
Tablets 200 mg—capsule-shaped. pink, single-scored (imprinted Tegretol on 
one side and 27 twice on the scored side) 

Bottles of 100 NOC 0028-0027-01 

Bottles of 1000 NDC 0028-0027-10 
Gy-Pak*—One Unit 

12 bottles—100 tablets each NDC 0028-0027-65 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NDC 0028-0027-61 
Samples, when available, are identified by the word SAMPLE appearing on each 
tablet 
Protect from moisture 
Dispense in tight container (USP) 
Also available as. Tegretol suspension 100 mg 5 mi, in 450 mi bottles 
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Are There Neuropsychologic Manifestations 
of the Gene for Huntington’s Disease 
in Asymptomatic, At-Risk Individuals? 


Milton E. Strauss, PhD, Jason Brandt, PhD 


è it has recently been reported that 
persons at risk for Huntington’s disease 
who test positive for the linked restriction 
fragment length polymorphism on chromo- 
some 4 display neuropsychologic impair- 
ments when compared with at-risk sub- 
jects who test negative for this marker. We 
have studied a substantially larger series 
of at-risk subjects who have been thor- 
oughly screened for the absence of neu- 
rologic or psychiatric features of Hunting- 
ton’s disease and have undergone predic- 
tive DNA testing. No evidence of cognitive 
or emotional differences between marker- 
positive and marker-negative individuals 
was found. Consideration of the designs 
and findings of the two studies indicates 
that it is premature to conclude that there 
are neuropsychologic impairments in Hun- 
tington’s disease that precede the clinical 
onset of the illness. 

(Arch Neurol. 1990;47:905-908) 


Huntington's disease (HD) is an au- 

tosomal genetic disorder in which 
all offspring of an affected individual 
begin life at a 50% risk for the illness. 
The preclinical identification of those 


some time. Neuropsychologic meth- 
ods have been used in a number of 
studies,“ since aspects of the dementia 
syndrome are present early in the 
course of HD. The most vulnerable 
cognitive processes appear to be recall 
memory, visuomotor and visuographic 
skill, and the so-called executive func- 
tions (planning, programming of cog- 
nitive and motor acts, set shifting, and 
mental flexibility). Neuropsycho- 
logic procedures have occasionally 
shown significant differences between 
at-risk individuals and controls, sug- 
gesting that some deficits may, indeed, 
exist before the clinical onset. How- 
ever, efforts to use such findings to 
predict later disease have generally 
failed,*'' or have failed to improve sig- 
nificantly on base-rate prediction.’ 
The discovery of a polymorphic 
DNA marker for HD” affords a more 
direct method for preclinical identifi- 
cation of HD. However, since this 
method is not yet informative in 
all cases, alternative methods, such 
as neuropsychologic evaluation and 


brain-imaging studies, remain poten- 
tially useful. The identification of pre- 
clinical neuropsychologic markers in 
those persons destined to become af- 
fected with this dementing illness 
could also provide important informa- 
tion about the neurobiologic and ge- 
netic substrates of cognition. 

In a recent study from the Vancou- 
ver (Canada) group of HD researchers, 
Jason et al”? reported that there were 
cognitive test differences between 
presymptomatic marker-positive and 
marker-negative individuals. This sug- 
gested to the authors that the limited 
predictive validity of neuropsychologic 
tests, reported by previous research- 
ers, reflected differences in the tests 
used and/or the weaker research de- 
sign necessitated by the lack of a 
marker with a high predictability of 
disease. The earlier studies used one of 
two methods. Either groups of at-risk 
individuals were compared with not- 
at-risk controls, or at-risk individuals 
in whom the disease had developed 
were compared retrospectively with 


Table 1.—Demographic Characteristics of Subject Groups * 


Subject Groups, Mean + SD 


at-risk individuals who carry the gene 
and in whom the disease will ulti- 
mately develop has been of interest for 


Marker-Negative 
(n = 15) 
32.2 + 5.0 
13.5 + 1.9 


Marker-Positive 
(n = 12) 
30.1 + 5.5 
14.2 + 2.3 


31.1 + 6.3 
13.8 + 2.1 


Age, y 


Accepted for publication October 11, 1989. 
Education, y 


From the Departments of Psychiatry and Be- 
havioral Sciences (Drs Strauss and Brandt) and 
Psychology (Dr Strauss), The Johns Hopkins 
University and School of Medicine, Baltimore, 
Md. Dr Strauss is now with Case Western Reserve 
University, Cleveland, Ohio. 

Reprint requests to Department of Psychology, 
Case Western Reserve University, Cleveland, OH 
44106 (Dr Strauss). 


Gender, % M 41.7 40.0 66.7 


Quantitated neurologic examination 
Total score 2.4 


KF 2-2 
0.20 + 0.6 
0.33 + 0.6 


* None of the differences among groups are significant (age, education, and neurologic examination, Fs < 1; 
gender, x* = 2.6). 


Motor impairment scale 0.25 
Chorea scale 0.67 
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Table 2.—Neuropsychologic Test Results * 

















Contrast, P 
Group OO. 
= +Marker- 
Marker- Marker- Normal Positive vs At-Risk 
Positive Negative Control Marker- vs 
(n = 12) (n = 15) (n = 15) Negative Control 






WAIS 
Vocabulary scaled 






























score 9.75 (2.1) 9.20 (2.1) 11.07 (2.8) .55 .05 
Block Design scaled 
score 12.50 (3.8) 10.60 (2.4) 10.60 (2.9) .12 .34 
Estimated IQ 107.25 (14.8) 100.13 (9.8) 106.00 (13.9) .12 .58 
WCS (No.) 
Sorts 5.42 (1.5) 5.00 (1.8) 5.33 (1.5) 62 .81 
Cards used 90.58 (22.7) 101.46 (23.0) 92.80 (23.7) .25 .67 
Set breaks 0.67 (1.0) 0.69 (1.0) 0.60 (1.4) .96 .83 
Nonperseverative 
errors 10.00 (10.5) 19.46 (22.6) 12.00 (12.5) .15 61 
Perseverative errors 4.17 (5.7) 6.23 (6.5) 5.00 (7.1) .43 .93 
Stroop (T score) 
Color 45.58 (7.3) 42.69 (6.8) 44.47 (9.2) .38 .90 
Word 45.50 (7.6) 44.62 (7.0) 48.73 (6.2) 75 eal 
Color / word 47.67 (7.2) 48.31 (6.9) 48.00 (9.7) .85 .99 
Interference 50.92 (8.0) 56.00 (7.4) 51.93 (5.7) .08 51 
Money Road-Map (s)t 83.67 (36.1) 95.67 (65.3) 53.07 (19.2) .50 .02 
Verbal learning / memory 
Recall 
Trial 1 7.33 (1.6) 7.73 (1.8) 8.47 (1.6) .54 .09 
Total 26.83 (2.9) 27.67 (4.1) 29.93 (3.3) .55 .02 
Recognition 
True positive 12.00 (0.00) 11.80 (0.56) 11.87 (0.35) .20 .80 
False positive 0.33 (0.65) 0.40 (0.51) 0.13 (0.35) 













Symbol-Digit Modalities 
Written 56.75 (9.8) 
Oral 66.17 (10.8) 


Visual vigilance (z score) 
Perceptual 
discrimination 


Response bias 


Choice reaction time (ms) 
Average 


Variability 


56.13 (7.6) 
65.20 (9.0) 


56.73 (8.6) .85 
65.60 (10.8) 

















1.71 (0.90)1 .63 .14 
4.52 (3.4) 


2.45 (1.3)§ 
4.55 (3.9) 


2.26 (0.63)| 
4.60 (3.0) 






















343.17 (67.3) 398.31 (136.9) 384.00 (57.4) 
54.00 (16.3) 68.46 (23.3) 91.67 (135.4) .65 .28 


* Data are given as mean (SD) throughout. WAIS indicates Wechsler Adult Intelligence Scale; and WSC, Wis- 
consin Card Sort. 

tAnalysis of variance, P < .05. 

+The n's for visual vigilance are lower because the test could not be administered to all subjects due to equip- 
ment failures. 













§n = 10. 
|n = 14. 
in = 6. 








Contrast, P 
—o—__mM ~~ 












Group Marker- 
A, PHeHive ye At-Risk 
Marker- Marker- Normal Marker- vs 

Positive Negative Control Negative Control 
















Cognitive Failures 
Questionnaire 


POMS (T score) 


30.88 (13.2) 24.46 (8.3) 


















Composed / anxious 55.09 (7.9) 53.38 (9.5) 50.53 (9.4) .65 .22 
Agreeable / hostile 52.00 (10.0) 52.23 (8.7) 52.20 (10.6) .96 .98 
Elated/ depressed 55.91 (9.7) 53.15 (7.1) 52.53 (9.9) .46 .50 
Confident / unsure 56.91 (8.7) 57.08 (9.1) 51.07 (13.9) .97 .38 
Energetic / tired 62.64 (7.8) 56.15 (10.2) 56.67 (9.5) .10 .38 
Clearheaded/ confused 62.09 (8.1) 60.46 (10.3) 53.93 (15.4) 74 .07 






* Data are given as mean (SD) throughout. POMS indicates Profile of Mood States. 
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at-risk persons in whom the disease 
had not developed at the time of fol- 
low-up. Both these methods have sig- 
nificant limitations. Comparing at- 
risk and control groups is problematic 
because in any group of unaffected at- 
risk adults, less than 50% carry the 
gene for HD (since some with the gene 
would have become affected already). 
The study by Jason et al”? used a much 
more powerful research design—di- 
rect assessment of risk—and is of 
great interest for suggesting presymp- 
tomatic clinical indicators of the ill- 
ness. 

Jason et al’? administered an exten- 
sive battery of cognitive tests to 10 at- 
risk subjects and then determined 
whether they carried the form of the 
DNA marker (haplotype) that segre- 
gated with HD in their families. The 7 
marker-positive subjects were more 
impaired than the 3 marker-negative 
subjects (P < .05) on 4 of 41 variables. 
This led the authors to conclude that 
“clear neuropsychological impairment 
may be present in HD even when overt 
signs and symptoms are not expected 
for a number of years.” 12079 

The findings of Jason et al? are 
of substantial potential significance. 
However, their conclusion must be 
taken with considerable reservation. 
First, the sample size was small. Sec- 
ond, there was a high degree of rela- 
tionship among the subjects, as they 
were all members of only three pedi- 
grees. If the families were not equally 
represented in the gene-positive and 
gene-negative groups (eg, if all three 
marker-positive subjects were from 
the same kindred), differences between 
the two groups might reflect genetic 
influences other than those associated 
with the HD gene. Third, a large num- 
ber of statistical comparisons (n = 41) 
were made. This increased the proba- 
bility of finding significant differences 
where none actually existed (type I er- 
ror). The authors’ stated expectation 
that two statistically significant 
differences would be expected by 
chance™°’ would be correct if the de- 
pendent variables were not themselves 
correlated. Since this was probably not 
a reasonable assumption for the cog- 
nitive measures employed, the proba- 
bility of a type I error was almost 
surely higher. Fourth, the differences 
between groups were small, even when 
significant. The significant differences 
were often due to the performance of 
the marker-negative subjects being er- 
rorless, while at least one of the mark- 
er-positive subjects performed more 
poorly. With such small cell sizes and 
the frequent absence of variance in one 
group, parametric statistical tests are 
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generally inappropriate. Jason et al’ 
reported that five of the seven marker- 
positive subjects were impaired on at 
least one test, while none of the mark- 
er-negative subjects was impaired. 
However, this is not a statistically re- 
liable finding (Fisher’s Exact Test, 
P = .083). 

The Baltimore (Md) Huntington’s 
Disease Project at The Johns Hopkins 
University School of Medicine has con- 
ducted a program of presymptomatic 
genetic testing for HD for the past 3 
years.'‘ Part of the research protocol is 
the administration of an extensive se- 
ries of neuropsychologic and self-re- 
port tests to at-risk individuals before 
DNA haplotyping. Those test data pro- 
vide an opportunity for testing the re- 
producibility of the findings of Jason et 
al in a larger sample. 


SUBJECTS AND METHODS 
Subjects 


As of December 15, 1988, genetic analysis 
using the D4510 (G8), D4543, and D4595 
DNA markers had been completed for 55 
individuals at risk for HD. All subjects 
were free of clinical signs of HD, other neu- 
rologic abnormalities, or clinically signifi- 
cant depression. Twelve individuals tested 
positive (marker-positive; risk, =>95% ) for 
the marker(s) used, and 30 tested negative 
(marker-negative; risk, <5%, except 1). 
The genetic tests were uninformative for 
the other 13 individuals. The 12 marker- 
positive subjects came from 11 different 
pedigrees. The marker-negative subjects 
came from 13 different pedigrees, 4 of which 
were the same as the marker-positive cases. 
Fifteen of the 30 marker-negative subjects 
and 15 screened normal volunteers from our 
pool of control subjects were selected 
for comparison with the marker-positive 
group, based on their match for average and 
variance in age and education. The charac- 
teristics of the marker-positive, marker- 
negative, and community controls are pre- 
sented in Table 1. Table 1 also summarizes 
the results of a standardized Quantitated 
Neurologic Examination for HD" that was 
administered to all at-risk subjects as part 
of the screening process. The scores of all 
subjects for chorea, motor impairment, and 
the total neurologic signs were well within 
normal limits; the groups did not differ on 
this examination. 

Normal controls were included because of 
the possibility that anxiety associated with 
being at risk could affect test results. All 
psychologic testing was completed before 
the DNA analyses were conducted. The na- 
ture of the procedures was fully explained, 
and informed consent was obtained before 
testing and blood drawing. 


Measures 


Each subject was administered a battery 
of neuropsychologic and self-report mea- 
sures that were selected based on their 
demonstrated sensitivity to HD*** or their 
relevance to neuropsychologic perspectives 
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on basal ganglia function.'* Included were 
several measures of clinical psychiatric 
symptoms and maze learning, which have 
been reported separately (J. B., M. S., and 
F. W. Frederick, PhD, unpublished data, 
June 1989).'* The following procedures are 
the subject of the present report: Wechsler 
Adult Intelligence Scale-revised Vocabu- 
lary and Block Design subtests (to estimate 
general intelligence); Wisconsin Card 
Sort,'’'* Stroop Color-Word Test,” and the 
Standardized Road-Map Test of Directional 
Sense”! (to assess “executive” functions); a 
12-word verbal memory task (three free re- 
call trials, followed by one yes/no recogni- 
tion trial [J. B., unpublished data, June 
1989]); and the Symbol-Digit Modalities 
Test” (since deficits on memory and coding 
tasks are sensitive indicators of HD). Two 
computerized tests of attention were in- 
cluded as well: (1) a visual vigilance task, to 
assess sustained attention; and (2) choice 
reaction time, a classic measure of atten- 
tion and psychomotor efficiency. The aver- 
age response time and trial-to-trial vari- 
ability (SD) were recorded on the reaction 
time task. 

Both at-risk and control subjects com- 
pleted the Bipolar Profile of Mood States,” 
which provided measures of the affective 
state at the time of testing. The at-risk 
subjects only completed the Cognitive Fail- 
ures Questionnaire,” a self-report measure 
of “cognitive slips.” 


RESULTS 
Statistical Approach 


The means of the three groups were 
compared on each test measure by a 
one-way analysis of variance. Two or- 
thogonal a priori contrasts were also 
computed. One contrast was between 
marker-positive and marker-negative 
groups; this contrast tested the differ- 
ences associated with the HD gene. 
The second contrast compared the 
combined at-risk groups with not-at- 
risk controls. This tested the effect on 
the performance of being at risk for 
HD, since this knowledge can affect 
self-perception and cognitive func- 
tioning. To maximize the probability 
of detecting a difference if one existed 
(ie, to minimize type II error), the a 
level for the F tests was not adjusted 
for the multiple-dependent measures. 


Neuropsychologic Measures 


The results for the neuropsychologic 
measures are summarized in Table 2. 
In addition to group means and SDs, 
Table 2 also reports the P level of the 
contrast between marker-positive and 
marker-negative groups and between 
the pooled at-risk sample and the con- 
trols. The estimated IQs of the mark- 
er-positive and marker-negative and 
control groups are not different 
(Fs < 1.0), in part because the groups 
were matched for education. There 


was but one significant difference 
among the groups, that for the Stan- 
dardized Road-Map Test of Direc- 
tional Sense”! (P < .05). Paradoxically, 
the marker-negative group performed 
least well on this task. 

Three significant differences were 
associated with being at risk. The at- 
risk group had a somewhat lower 
Wechsler Adult Intelligence Scale- 
revised Vocabulary score, learned 
fewer words over three trials, and were 
slower on the Standardized Road-Map 
Test of Directional Sense.” However, 
none of the contrasts between marker- 
positive and marker-negative groups 
were significant. 

Table 3 presents the comparisons 
among groups for the self-report mea- 
sures. No differences were associated 
with either the HD marker or risk 
status itself. Two modest trends were 
apparent in the self-report measures: 
marker-positive persons perceived 
themselves to be a bit more ener- 
getic than marker-negative subjects 
(P<.10), and the at-risk group 
reported itself to be somewhat 
more clearheaded than the controls 
(P < .07). 


COMMENT 


Our results failed to confirm the 
findings of Jason and associates.” 
None of the differences between mark- 
er-positive and marker-negative indi- 
viduals was significant, even at the 
liberal a level of .05. It is possible that 
the failure to detect differences is due 
to the limited statistical power in this 
study due to relatively small samples. 
One difference did approach signifi- 
cance: The marker-positive subjects 
displayed somewhat greater interfer- 
ence on the Stroop Color-Word Test 
(P < .10). Fisher et al* reported that 
the Stroop procedure, which had the 
highest factor loading on an “elabora- 
tive” cognitive factor, was a sensitive 
indicator for functional capacity in 
HD. Wexler’ not only found the Stroop 
color test to be a sensitive measure in 
HD, but reported that a subset of 
at-risk persons (7 of 35) performed 
particularly poorly on this task. How- 
ever, three arguments suggest that the 
trend toward impaired Stroop perfor- 
mance in the marker-positive subjects 
in the present study is a chance find- 
ing. First, this trend was only one 
finding out of many comparisons that 
were made. As a result, the probability 
that the difference between groups in 
the Stroop procedure is due to chance 
is, in fact, much greater than P < .10. 
Second, the difference is of a modest 
magnitude. Large groups (N > 50) 
would be needed to detect a significant 
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difference of this magnitude with a 
statistical power of 0.8, the conven- 
tional level of moderate power. Third, 
the marker-positive and marker-neg- 
ative groups were virtually identical 
on other tasks sensitive to executive 
function deficits (eg, Wisconsin Card 
Sort'”'’ and Standardized Road-Map 
Test of Directional Sense”). 

The differences between these find- 
ings and the report of Jason et al" may 
reflect several factors. Participants in 
the present study had been carefully 
screened for psychiatric or neurologic 
disorder by using standardized instru- 
ments and criteria.'* A psychiatric ex- 
amination appears not to have been 
conducted by Jason et al," and the 
sensitivity to HD of the neurologic ex- 
amination that they used is not clear. 
Consequently, their marker-positive 
group may have contained individuals 
who would have been classified as af- 
fected or “suspicious” on the basis of 
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our screening procedures and who 
would not have been included in our 
sample. As we noted earlier, there is a 
possibility that in the Vancouver 
study, the marker-positive and mark- 
er-negative group status was con- 
founded with family membership. All 
10 of their subjects came from a total 
of three families. If the families were 
not equally represented in the two 
marker groups, cognitive differences 
between groups could reflect between- 
family genetic differences other than 
the HD gene. The Vancouver group 
was not able to describe the marker- 
positive and marker-negative groups 
in detail in the published report to 
protect subjects from learning their 
group membership, and the report 
does not describe the pedigree rela- 
tionships among these families. The 
12 marker-positive subjects in the 
present study came from 11 different 
pedigrees, 13 pedigrees were repre- 
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ll INTERNATIONAL CONFERENCE ON 
VERTEBROBASILAR ARTERIAL DISEASE 


A multidisciplinary meeting organized by: 


R. Berguer (Detroit) E. Kieffer (Paris) 

L. Caplan (Boston) G. Rancurel (Paris) 
With the participation of: 
A. Bahnini (Paris) B. Gerwertz (Chicago) S. Peerless (London, Ont) 
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G. Del Zoppo (La Jolla, CA) R. Lee (Detroit) J. Toole (N. Carolina) 
D. Fromm (Detroit) S. Otis (La Jolla, CA) P. Yates (UK) 


Selected Topics: 

Spinal mechanics and Changes in Vertebral Artery Blood Flow, Non-atheromatous Occlusive Pathology, Thromboembolic Verte- 
brobasilar Insufficiency, Natural History of Vertebrobasilar TIA’s, Transcranial Doppler in Vertebrobasilar Disease, Dynamic Ar- 
teriography of the Vestebral Arteries, Laboratory Evaluation of Vestibular Function, Aneurysms, Dissection and Arteriovenous Fis- 
tulas of the Vertebral Artery, Fibrinelytic Therapy, Reconstruction of the Distal Vertebral Artery, Combined Vertebral/Carotid Re- 
construction, Long-Term Results of Extra-intracranial Anastomosis in the Posterior Circulation and the R.B. Bauer Memorial 
Lecture; Atheromatous Lesions of the Vertebral Artery and Brain Infarctions, by Peter Yates (UK) 


To be held at The Westin Hotel in the Renaissance Center, Detroit, Michigan, October 18-19, 1990 


For Reservations call: (313) 577-1180 
FAX (313) 993-0244 


Subscription Rate: $400.00 


A block of Rooms have been reserved at the Westin Hotel Reservations: (313) 568-8000 





R : November 28-29-30, 1990 
LC hmo nd, UJ Wednesday, Thursday, Friday 

The DIVISIONS of ORTHOPAEDIC SURGERY and NEUROSURGERY 
of the MEDICAL COLLEGE of VIRGINIA, VIRGINIA COMMONWEALTH UNIVERSITY, 


and MIDAS REX Institute present 


“Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics” 
SYMPOSIA/HANDS-ON WORKSHOPS for ORTHOPAEDIC SURGEONS (Ortho 700); 
NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and OTOLARYNGOLOGICAL SURGEONS (Neuro 700); 
and OPERATING ROOM PERSONNEL (ORP 700) 
« John A. Cardea, M.D.; J. Paul Muizelaar, M.D., Ph.D.; 
SO tee sah Michel. EdD.: Janes DANGI. 
SYMPOSIUM FORMAT 
WORKSHOPS; The MIDAS REX Hands-On Workshops will CREDIT; C.M.E. Credit Available 
be held each day from 7:30 a.m. to 1:30 p.m. The workshop Cii Conie. 400 Gait Kiii 


. * ¢« ba R 
will emphasize a series of structured exercises utilizing ap- COURSE LOCATION: : 
husks animal bones, skeletal bones, bioplastics, and shall, Richmond, VA 23219. Phone: 804-783-7300 


iometals. ACCOMMODATIONS; Richmond Marriott, 500 East Broad 


issection in small bones, large bones, Street, Richmond, VA 23219-1812. Phone: 804-643-3400. 
s nes, oint replacement, revision surgery, eee ergy oP (US$): Surgeon $965.00; Fellow/Res- 
methacr 


p 
methy ylate, polyethylene, and biometals, includ- ident $585.00 (with letter from Department Head); All Op- 
ing broken stem extraction. erating Room Personnel (RN/CST/PA/Other) $250.00. 
Neuro 700—dissection skills for bonework of the cranium = n i 

and spine, including attention to bioplastics and biometals ie age o E amponi: AE i 
applicable to neurosurgery. 800-433-7639 or 817-831-2604. > 


ORF -700——-dissection skills to become familiar with the Aite 

applications of power instrumentation; discussion of and Enrollment is limited. Please call to reserve space before 
participation in problem solving, care, and proper maintə- re check or ori travel plans, All enrollments are 
nance of power equipment. made through the Midas Hex office in Fort Worth. 


Join the more than 8,500 enrollees who have completed Midas Rex® Hands-On Workshops. 
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The American Medical 
Association Biotechnology 
and Medicine Conference 
Series provides physicians 
and health care profes- 
sionals with practical, 
non-biased information 

on cutting-edge biotech- 
nologies which are rapidly 
entering clinical laboratory 
and medical practice 


settings. 


Supported by 
Eastman Kodak Company, 
Health Care Divisions. 


Exhibitor information 
is available by calling 
312-645-5458. 





MEDICAL 


1990 Conference Schedule 


ASSOCIATION CONFERENCE 


SERIES 


Flow Cytometry and Image Analysis in Clinical Medicine 
September 7, 1990 

Searle Conference Center, Rush Presbyterian St. Luke’s Medical Center 
Chicago, Illinois 


This full day course describes the clinical utility of flow cytometry and 
image analysis in the fields of hematology, immunology, oncology, 
cytogenetics and microbiology. The application of cytometry to analysis of 
peripheral blood cell counts, DNA ploidy in tumors and the evaluation of 
bone marrow and immunological status will be addressed. Course material 


will be supplemented with demonstrations of cytometry instrumentation. 


Advances in Neuroscience: A Clinical Perspective 
October 10-12, 1990 
Hotel del Coronado, Coronado, California 


This conference identifies the scientific and technological advances 
destined to radically alter the practice of neurologic medicine. Topics 
encompass gene manipulation, diagnostic imaging, neurotoxicity and 
regeneration, and elucidation of the mechanisms of drug addiction and 
affective disorders. Plenary sessions and clinically-oriented workshops are 
scheduled for October 11-12. A course introducing the basic concepts of 


molecular and physical neuroscience will be held October 10. 


The 4th Annual AMA Conference on 
DNA Probes in the Practice of Medicine 
November 8 and 9, 1990 

The Drake Hotel, Chicago, Illinois 


Through a combination of lectures, workshops, and exhibits, this two-day 
meeting will cover DNA analysis in clinical genetics and oncology, 
evaluation of currently available tests for infectious pathogens, DNA-based 
forensic and paternity testing, and new developments in DNA probe 
technology that enhance its clinical utility. 


TO REGISTER CALL 1-800-621-8335 





Magnetic Resonance Imaging and Neurobehavioral 
Correlates in Schizencephaly 


A. S. Aniskiewicz, PhD; Neva L. Frumkin, PhD; Debbie E. Brady, MS; 


James B. Moore, MD; Abraham Pera, DO 


@ We studied three patients with schiz- 
encephaly and related the results of 
comprehensive neuropsychologic and 
speech/language assessments to the se- 
verity and location of the brain malforma- 
tions as appreciated by magnetic reso- 
nance imaging. Level of general intellec- 
tual functioning related to the amount of 
brain tissue involved, and variations in 
specific neurobehavioral abilities re- 
flected the location of the brain malforma- 
tion and the prenatal onset of the disorder. 
The overall findings emphasize the impor- 
tance of comprehensive neuropsycho- 
logic and speech/language studies for 
appreciating the impact of prenatal neural 
insult on the functional reorganization of 
the brain and subsequent neurobehavioral 
functioning. 

(Arch Neurol. 1990;47:911-916) 


n 1946, Yakovlev and Wadsworth!” 

described a series of cases involving 
congenital defects in the cerebral man- 
tle. These developmental malferma- 
tions were termed schizencephalies to 
distinguish them from the encephalo- 
clastic porencephalies resulting from 
destruction of cerebral tissue. Their 


Accepted for publication November 3, 1989. 

From the Neurobehavioral Science Section, De- 
partment of Radiology (Drs Aniskiewicz and 
Frumkin, and Ms Brady), Radiology (Drs Moore 
and Pera), and Psychiatry (Dr Aniskiewicz), 
Michigan State University, East Lansing. Dr. 
Frumkin is now with the Aphasia Research Cen- 
ter, Veterans Administration Medical Center, 
Boston, Mass; Ms Brady is now with Columbia 
(SC) College; and Drs Moore and Pera are now 
with the Hemet (Calif) Valley Imaging Medical 
Group. 

Reprint requests to Department of Radiology, 
B220 Clinical Center, East Lansing, MI 48824-1315 
(Dr Aniskiewicz). 


Arch Neurol—Vol 47, August 1990 


initial series of cases included brain 
specimens having clefts with fused 
lips'; their second series illustrated 
clefts with separated lips and accom- 
panying hydrocephalus.’ This morpho- 
logical distinction continues to be the 
basis for current definitions of type 1 
and type 2 schizencephalies.’ 

Considered the result of abnormal 
migration of the neuroblasts from the 
germinal matrix during the first tri- 
mester of pregnancy, schizencephaly 
has been well described by computed 
tomographic*> and magnetic reso- 
nance imaging (MRI) studies. How- 
ever, there has been less attention di- 
rected at detailing the nature and ex- 
tent of neurobehavioral dysfunction 
associated with the disorder. Clinical 
features generally are reported to be 
nonspecific and include seizures, ab- 
normal motor function, and intellec- 
tual levels ranging from normal to se- 
vere mental retardation.*** 

It has been suggested that the de- 
velopmental disabilities associated 
with schizencephaly are related to the 
amount of brain tissue involved.’ 
However, variations in the presenta- 
tion of neurobehavioral syndromes are 
a function not only of the degree of 
central nervous system involvement 
but also of the location of the lesion 
and the timing of the neural insult. 
Schizencephaly is a developmental 
malformation that characteristically 
involves the parasylvian region’ and 
the precentral and postcentral gyrus.’ 
Its developmental onset and predilec- 
tion for parasylvian and pararolandic 
involvement have significant implica- 
tions for the functional reorganization 
of the brain; and such reorganization 


along with amount of tissue destruc- 
tion is an important determinant of 
adult neurobehavioral functioning. 
Within this context we describe the 
neuropsychologic and _ speech/lan- 
guage functioning in three cases of 
schizencephaly, and relate these find- 
ings to corresponding brain anomalies 
identified by MRI. 


REPORT OF CASES 


Case 1.—A 22-year-old left-handed 
woman was referred for brain MRI due to 
an increase in seizure activity. Medical his- 
tory included a diagnosis of cerebral palsy, 
and seizure disorder with onset at age 16. 
The patient’s seizures were being treated 
with phenytoin (Dilantin). Prenatal and 
perinatal history were unremarkable. The 
patient was the product of a full-term 
pregnancy. Parturition was described as 
difficult, but specific birth trauma was de- 
nied. Speech/language developmental mile- 
stones were achieved within normal limits, 
but walking did not begin until the age of 4 
years. The patient attended special educa- 
tion classes until grade six. Junior high and 
high school placement was in regular 
classes, but the patient was always a year 
behind her peers. She graduated from high 
school, and, at the time of examination, she 
was a homemaker and mother. 

Case 2.—An 18-year-old left-handed 
woman was referred for brain MRI due to 
an increase in seizure activity. Medical his- 
tory included a diagnosis of cerebral palsy, 
and a seizure disorder with onset at age 17. 
The patient’s seizures were being treated 
with valproic acid (Depakene). Prenatal 
and perinatal history were problematic. 
The patient’s mother was involved in alco- 
hol and substance abuse during her preg- 
nancy. At 18 months of age the patient was 
found to be malnourished and in a state of 
extreme neglect. She was late in achieving 
developmental milestones, but she made 
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Fig 1.—Axial image (TR, 2000 milliseconds: 
TE, 40 milliseconds) of patient 1 reveals clefts 
lined with ectopic gray matter in the left and 
right parasylvian regions. 





Fig 2.—Sagittal image (TR, 2000 milliseconds: 
TE, 40 milliseconds) of patient 1 reveals trun- 
cation of the left syivian fissure. 


substantial improvement after foster home 
placement. The patient attended special 
education classes at the elementary level, 
but at the time of the examination, she was 
a senior in regular high school classes. 
CASE 3.—A 27-year-old left-handed man 
was referred for brain MRI as part of an 
evaluation for suspected multiple sclerosis. 
He had recently complained of muscle 
weakness, tingling and numbness in his ex- 
tremities, dysphagia, and increased seizure 
activity. Medical history included a seizure 
disorder with onset at age 12. The patient’s 
seizures were being treated with phenytoin 
and phenobarbital. Prenatal and perinatal 
history were unremarkable. There were no 
significant delays in achieving developmen- 
tal milestones. The patient completed high 
school with average grades, and, at the time 
of examination, was employed as a welder. 


METHODS 
Neuroanatomical Studies 


The MRI examinations were performed 
on a 1.5-tesla system (General Electric Sig- 
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Fig 3.—Coronal image (TR, 600 milliseconds: 
TE, 25 milliseconds) of patient 1 reveals a cleft 
in the right frontal cortex that extends to the 
frontal horn of the right lateral ventricle. 





Fig 4.—Axial image (TR, 2000 milliseconds: 
TE, 80 milliseconds) of patient 2 reveals a left- 
hemisphere cleft lined with ectopic gray matter 
extending from the pararolandic region to the 
left lateral ventricle. 


na, Milwaukee, Wis). Section thickness 
was 5 mm, and the distance between slices 
was 2.5 mm. Imaging parameters included 
an acquisition matrix of 256 X 128, with a 
nexus of 2. T,-weighted and T,-weighted 
spin echo sequences were obtained in the 
axial, sagittal, and coronal planes. Specific 
excitation (TE) and repetition (TR) times 
are noted for selected images in Figs 1 
through 7. 


Neurobehavioral Studies 


Each patient was administered a com- 
prehensive neuropsychologic and speech/ 
language assessment. Prior to testing, each 
patient passed a hearing acuity screening 
bilaterally at 20 dB hearing threshold level 
at the frequencies of 500, 1000, 2000, and 
4000 Hz. Specific procedures are listed in 
Table 1. 


RESULTS 
Neuroanatomic Findings 


Patient 1 had bilateral clefts char- 
acterized by a shortening of the left 





Fig 5.— Sagittal image (TR, 2000 milliseconds; 
TE, 80 milliseconds) of patient 2 reveals trun- 
cation of the left sylvian fissure. 





Fig 6.— Axial image (TR, 600 milliseconds; TE, 
25 milliseconds) of patient 3 reveals a triangu- 
lar cleft lined with ectopic gray matter in the 
pararolandic region of the left hemisphere. 


and right sylvian fissures. There also 
were malformations in the areas of the 
supramarginal and angular gyri in the 
left and right hemispheres. The left- 
hemisphere cleft was deeper than that 
in the right hemisphere, and extended 
into the atrium of the left lateral ven- 
tricle. The right-hemisphere cleft ex- 
tended horizontally from the frontal 
cortex to the frontal horn of the right 
lateral ventricle (Figs 1 through 3). 
Patient 2 had a deep unilateral cleft 
in the left hemisphere extending from 
the approximate location of the rolan- 
dic fissure to the left lateral ventricle. 
The left sylvian fissure was truncated, 
and there were malformations in the 
areas of the left supramarginal and 
angular gyri. There was a very minor 
disorganization of the superior frontal 
gyrus in the right hemisphere, but 
there was no cleft or other marked 
abnormality in this hemisphere 
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Fig 7.— Sagittal image (TR, 500 milliseconds; 
TE, 25 milliseconds) of patient 3 reveals that 
the cleft has its origin in the pararolandic area, 
and extends to the posterior portion of the 
sylvian fissure. 


(Figs 4 and 5). 

Patient 3 had a unilateral cleft in the 
left hemisphere. The cleft had its ori- 
gin in the area of the rolandic fissure 
and extended to the posterior portion 
of the sylvian fissure. The posterior 
portion of the left sylvian fissure was 
truncated, and there was a malforma- 
tion in the area of the supramarginal 
gyrus. The angular gyrus appeared 
normal. The right cerebral hemisphere 
had no evidence of neuronal migration 
abnormality (Figs 6 and 7). 


Neurobehavioral Findings 


A summary of neuropsychologic test 
scores is presented in Table 2. A sum- 
mary of the speech/language assess- 
ment findings is presented in Table 3. 

Case 1.—Level of general intellectual 
functioning was within the mild mentally 
retarded range. Level of achievement in 
fundamental academic skills was below av- 
erage and consistent with the patient’s in- 
tellectual level. There was no evidence of 
somatosensory dysfunction on tests of si- 
multaneous bilateral tactile stimulation. 
Evidence of bilateral impairment was 
found on tests of finger localization and 
tactile form recognition, and the impair- 
ment was relatively greater with the right 
hand. Manual motor dexterity was below 
normal expectations with the preferred left 
hand and with the nonpreferred right hand, 
but relatively greater impairment was ob- 
tained with the right hand. Verbal associa- 
tive fluency was severely defective. Visuo- 
perceptive abilities were normal; and per- 
formances on tests of visuoconstruction 
involving visuographic abilities were 
within the normal range. Auditory verbal 
memory abilities were well below normal 
expectations, but nonverbal figural memory 
was within the average range. 

Examination of the speech mechanism 
revealed mild to moderate weakness of 
right-sided oral structures. Speech was 
completely intelligible despite mild dysar- 
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Somatosensory and manual motor 


Finger Localization Test"? 
Tactile Form Recognition" 
Purdue Pegboard" 

Verbal associative fluency 
Animal Naming Test’! 


Memory 


Speech and oral motor control 


Spontaneous speech sample 
Language 


The Word Test Subtests”’ 
The Token Test-Revised*® 


Table 1.—Neuropsychologic and Speech/Language Studies 


Intelligence and academic achievement 
Wechsler Adult Intelligence Scale-Revised (WAIS-R)"° 
Wide Range Achievement Test (WRAT)"' 


Single and Double Simultaneous Stimulation Test (SDSS)"? 


Controlled Oral Word Association Test” 
Visuoperception and visuoconstruction 

Hooper Visual Organization Test"? 

Rey-Osterrieth Complex Figure Drawing"? 


Rey Auditory Verbal Learning Test'® 
Rey-Osterrieth Complex Figure Recall"? 


Oral Peripheral Speech Mechanism Examination (Dworkin-Culatta)*° 


Clinical Evaluation of Language Functions Subtests (CELF,*' CELF-R**) 
Test of Language Development-intermediate Subtests (TOLD-1)** 

Test of Adolescent Language (TOAL)** 

Test of Auditory Comprehension of Language-Revised (TACL-R)*® 
Detroit Tests of Learning Aptitude (DTLA-2)”° 


Spontaneous oral language sample 
Spontaneous written language sample 






























Table 2.— Summary of Neuropsychologic Test Scores* 


Intellectual level / 
academic achievement 
WAIS-R 
Verbal IQ 


Performance IQ 
Full-scale IQ 


WRAT-R (grade-equivalent) 
Reading 


Spelling 
Arithmetic 


Somatosensory / motor 
SDSS 


Finger localization 
(correct: total /RH/LH) 


Tactile form recognition 
(errors: total/ RH/LH) 


Purdue Pegboard 
(LH, RH, BH in 30 seconds) 


Verbal associative fluency 
Controlled oral word association 


Animal naming 


Visuoperception /visuoconstruction 
Hooper visual organization 


Rey complex figure (copy) 


No errors 


41t/19t/22t 


5t/4t/1 


9t/1t/OT 


Patient 


No errors No errors 


39t/17t/22t 60/30/30 
8t/8t/0 No errors 


9t/0t/0tł 14/9t/6t 





Memory 
Rey auditory verbal learning 
(total: trials 1-5) 


Rey complex figure (recall) 





*WAIS-R indicates Wechsler Adult Intelligence Scale-Revised; WRAT-R, Wide Range Achievement Test-Re- 
vised; SDSS, Single and Double Simultaneous Stimulation Test; RH, right hand; LH, left hand; and BH, both 


hands. 


tindicates a defective score that is defined as 2 SDs below mean for normative sample. 


thria. Language comprehension was judged 
below normal expectations. Comprehension 
of grammatical morphemes and complex 
syntactic constructions was poorer than 
comprehension of semantic information. 


Comprehension difficulties were primarily 
characterized by slow auditory processing, 
particularly when the message was lengthy 
and/or syntactically complex. Language 
production also was below normal expecta- 
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Table 3.—Summary of Speech/Language Findings 


Mild to moderate 
weakness of right 
side; mild dysarthria 


Speech mechanism 
and speech artic- 
ulation skills 


Language 
comprehension (based on expectation for normal adult levels) 


Semantics Poor 
Very poor 
Language 


Patient 


2 
Mild weakness of 
right side; mild 
incoordination 


No weakness noted; 
no articulation 
difficulties 


Low average Low average 


Below average Low average 


production (based on expectation for normal adult levels) 


Semantics Poor 
Syntax Severely disordered 


tions. Rapid language formulation, as as- 
sessed by sentence generation from key 
words, was poor. Generating sentences re- 
quiring complex syntactic formulations 
was severely disordered. Reformulation of 
sentences was also severely defective. Con- 
versational abilities were judged to be 
within normal limits. Although the patient 
demonstrated mild to moderate word find- 
ing difficulties, she was a responsive 
speaker and listener; she could provide de- 
tails about her life and was able to provide 
clarification and elaboration on request. 
Case 2.—Level of general intellectual 
functioning was within the borderline 
range. Level of achievement in fundamen- 
tal academic skills was below average and 
consistent with the patient’s intellectual 
level. There was no evidence of somatosen- 
sory dysfunction on tests of simultaneous 
bilateral tactile stimulation. Evidence of 
bilateral asymmetric impairment (pro- 
nounced right-hand deficit) was obtained 
on tests of finger localization; and unilat- 
eral impairment (right hand) was obtained 
on tests of tactile form recognition. Manual 
motor dexterity was below normal expec- 
tations with the preferred left hand and 
with the nonpreferred right hand, but sig- 
nificantly greater impairment was obtained 
with the right hand. Verbal associative flu- 
ency was normal for category fluency but in 
the borderline defective range for letter 
fluency. Visuoperceptive abilities were nor- 
mal; but performances on tests of visuocon- 
struction involving visuographic abilities 
were severely impaired. Auditory verbal 
memory abilities were in the low average 
range, but nonverbal figural memory was 
well below normal expectations. 
Examination of the speech mechanism 
revealed mild weakness of right-sided oral 
structures. Coordinated oral movements 
were somewhat irregular and imprecise, 
but speech was completely intelligible. Lan- 
guage comprehension was within the low 
average range for semantic knowledge, but 
below average for grammatical morphemes 
and syntax. Language production was 
judged to be in the low average range. Rapid 
language formulation as assessed by sen- 
tence generation was quick, logical, and syn- 
tactically correct. Reformulation of sen- 
tences, however, was significantly below 
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Low average 


Low to below 
average 


Low average 





normal expectations due to the patient’s 
difficulty in determining how key pieces of 
information should be incorporated into 
existing syntactic structures. Conversa- 
tional abilities were judged to be within 
normal limits. The patient initiated, main- 
tained, and appropriately shifted topics in 
conversation. She was responsive both as a 
speaker and as a listener, and was able to 
clarify and request additional information 
when needed. 

Case 3.—Level of general intellectual 
functioning was within the low average 
range. Level of achievement in fundamen- 
tal academic skills was low average to 
average and consistent with the patient’s 
intellectual level. There was no evidence of 
somatosensory dysfunction on tests of si- 
multaneous bilateral tactile stimulation, 
finger localization, and tactile form recog- 
nition. Manual motor dexterity was normal 
with the preferred left hand, but below 
normal with the nonpreferred right hand. 
Verbal associative fluency was normal. 
Visuoperceptive and _ visuoconstruction 
abilities were within the normal range. 
Auditory verbal memory and nonverbal 
figural memory were also within the nor- 
mal range. 

Examination of speech mechanism and 
articulation skills revealed oral motor con- 
trol and production of speech sounds to be 
within normal limits. Language compre- 
hension was generally within the low aver- 
age range for semantic and syntactic infor- 
mation. Language production was below 
normal expectations, especially in the me- 
chanics of syntax. Language formulation, 
assessed by sentence generation from key 
words, was severely disordered, as was re- 


-= formulation of sentences. In general, lan- 


guage production of semantic items was 
significantly stronger than the production 
of syntactic items. The patient demon- 
strated no difficulties in informal conversa- 
tional language production. 


COMMENT 


Neuroimaging revealed evidence of 
schizencephaly in all our patients. The 
primary areas of involvement were the 
left parasylvian and pararolandic re- 
gions. In addition, patients 1 and 2 


showed varying degrees of secondary 
involvement of the right hemisphere. 
Inspection of MR images, in conjunc- 
tion with results of intellectual test- 
ing, suggested that level of general in- 
tellectual functioning was related to 
the amount of brain tissue involved. 
This finding is consistent with previ- 
ous reports on the range of intellectual 
impairment associated with schizen- 
cephaly.*’’ All patients presented with 
a seizure disorder and manifest left 
handedness, but there was no history 
of familial sinistrality in first-degree 
relatives. This constellation of symp- 
toms, suggestive of the pathologic left 
handedness (PLH) syndrome de- 
scribed by Orsini and Satz,” provides a 
useful framework for a more detailed 
examination of the neurobehavioral 
similarities and differences observed 
in our patients. 

It is hypothesized that the PLH 
syndrome is caused by a lesion that is 
predominantly left sided (or bilateral 
asymmetric) with an onset before 6 
years of age, and that involves the 
speech/language areas of the fronto- 
temporoparietal cortex.” Other fea- 
tures associated with this syndrome 
include: (1) atypical or right-sided 
hemispheric speech representation, (2) 
evidence of the crowding effect**” (i.e., 
impaired visuospatial abilities rela- 
tive to preserved verbal cognitive abil- 
ities), (8) right limb hypoplasia, (4) 
motor impairment of the right hand, 
and (5) a low probability of familial 
sinistrality. Similar to other neurobe- 
havioral syndromes, all features of the 
PLH syndrome are not necessarily 
present in each patient. Our patients 
shared features in common with the 


PLH syndrome, and they also demon- 
strated a degree of variability in spe- 
cific neurobehavioral abilities. These 
features are discussed below. 

All patients demonstrated manifest 
left handedness and motor impair- 
ment with the nondominant right 
hand. They also showed evidence of 
mild right-sided limb hypoplasia. 
Damage to the postcentral gyrus, an 
area of involvement in all our patients, 
has been associated with growth 
asymmetries. Manual motor dexter- 
ity with the dominant left hand was 
significantly better than with the right 
hand, but still below normal expecta- 
tions in patients 1 and 2. Secondary 
involvement of the right hemisphere 
was evident in patients 1 and 2, but the 
slowed motor performance of their 
dominant left hand may have been 
more indicative of a disruption in left- 
hemisphere ipsilateral connections 
than contralateral right-hemisphere 
involvement. This interpretation is 
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consistent with the findings of 
Semmes”? that suggest that the left 
hemisphere is more potent than the 
right hemisphere in the control of ip- 
silateral sensorimotor processes re- 
sulting in a greater degree of bilateral 
impairment being associated with left- 
hemisphere lesions. 

No patient showed evidence of sup- 
pression to bilateral tactile stimula- 
tion, but patients 1 and 2 showed sig- 
nificant impairment in finger localiza- 
tion and tactile form recognition with 
relatively greater impairment with 
the nondominant right hand. Deficits 
in finger localization and tactile form 
recognition have been associated with 
parietal lobe involvement.** All pa- 
tients showed evidence of left 
pararolandic involvement and signifi- 
cant malformation in the area of the 
left supramarginal gyrus. The angular 
gyrus also was malformed in patients 
1 and 2, but normal in patient 3. The 
relative sparing of sensory perceptual 
abilities in patient 3 may reflect that 
more intact neural tissue was avail- 
able to mediate functioning. From a 
structural standpoint, redundant rep- 
resentation and multiple localization 
may be the underlying mechanisms for 
such sparing.” 

Early insult to the left side of the 
brain resulting in a shift in handed- 
ness is also associated with shifts in 
the representation of speech/language 
functions. Ninety percent of sinis- 
trals who are suspect for the PLH 
syndrome demonstrate right-sided 
speech/language representation in 
contrast to 15% to 30% observed in 
normal left handers.” Such reorgani- 
zation of speech/language functions, 
however, is not without consequence 
for the development of specific linguis- 
tic abilities and for the integrity of 
visuospatial functions normally medi- 
ated by the right hemisphere. 

Studies” contrasting the reorgani- 
zation of cerebral functions following 
left or right hemispherectomy in chil- 
dren and adults have suggested a sig- 
- nificant degree of functional plasticity 
in the younger brain such that a left 
hemispherectomy in an infant does not 
necessarily preclude the normal devel- 
opment of adult language skills. How- 
ever, comprehensive examinations of 
linguistic abilities following childhood 
hemispherectomy*” and left cerebral 
hypoplasia” reveal that while seman- 
tic aspects of language may be rela- 
tively spared, syntactic or mechanical 
aspects of language may be particu- 
larly affected. All our patients were 
left handed, and showed significant 
malformations in the left parasylvian 
language region, suggesting a possible 
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shift in specific speech/language func- 
tions to the right hemisphere. No pa- 
tient demonstrated significant impair- 
ment in informal conversational lan- 
guage abilities; yet, comprehensive 
speech/language assessment revealed 
varying degrees of linguistic deficit 
with relatively greater difficulties evi- 
denced in the syntactical aspects of 
language comprehension and produc- 
tion than in the semantic aspects. 
These findings provide support for the 
position proposed by Dennis and 
colleagues that after prenatal or 
perinatal disease, linguistic compe- 
tence does not develop equally in both 
hemispheres; specifically, the right 
hemisphere is not equivalent to the left 
in the mediation of syntactic skills. 

It has also been hypothesized that a 
right-hemisphere takeover of specific 
speech/language capacities may result 
in functional competition for intact 
neural tissue (ie, the crowding effect) 
that may compromise visuospatial 
abilities normally subserved by the 
right hemisphere. Case studies have 
provided some support for the crowd- 
ing effect,” but controlled studies 
suggest that both visuospatial and ver- 
bal abilities are compromised with 
shifts in language representation.” In 
our sample, only patient 2 demon- 
strated evidence to support a crowding 
hypothesis. Her performance IQ was 
11 points lower than her verbal IQ 
(this discrepancy is obtained in up to 
50% of the normal population); but her 
visuospatial construction abilities and 
her visual memory abilities were sig- 
nificantly impaired relative to normal 
verbal associative fluency and normal 
verbal memory abilities. Patients 1 
and 3 showed neither a significant ver- 
bal IQ-performance IQ difference, nor 
evidence of significantly greater im- 
pairment in visuospatial abilities rel- 
ative to verbal abilities. 

A limitation of our study is that we 
did not assess our patients with the 
Wada and Rasmussen“ procedure or 
dichotic listening to determine atypi- 
cal or right-hemisphere speech repre- 
sentation. These procedures would 
have been especially revealing in pa- 
tient 1, who showed bilateral para- 
sylvian involvement, to determine 
whether damage to homologous right- 
hemisphere areas precluded a shift in 
speech/language functions. Neverthe- 
less, examining a full range of neu- 
robehavioral abilities and correspond- 
ing areas of brain involvement in our 
patients did demonstrate that their 
neurobehavioral deficits reflected the 
severity and location of the brain mal- 
formation as well as its developmental 
onset. The latter point is critical for 


the potential functional reorganiza- 
tion of the brain following prenatal 
insult as exemplified by the PLH syn- 
drome. Our findings demonstrate that 
comprehensive neuropsychologie and 
speech/language studies can reveal 
the wide variations in neurobehavioral 
functioning associated with early 
brain insult that are obscured by glo- 
bal constructs such as mental retarda- 
tion or composite IQ scores. 


We thank E. James Potchen, MD (Chair, De- 
partment of Radiology, Michigan State Universi- 
ty), for his encouragement and support of this 
project, and Linn Heiler for her assistance with 
manuscript preparation. 
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Los Angeles 


October 18-19-20, 1990 


(immediately preceding the Congress of 
Neurological Surgeons meeting 
October 21-26) 


MIDAS REX™ Institute presents 
“Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics” 


SYMPOSIA/HANDS-ON WORKSHOPS 


for NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, 
and OTOLARYNGOLOGICAL SURGEONS (Neuro 700) 


for ORTHOPAEDIC SURGEONS (Ortho 700) 


for OPERATING ROOM PERSONNEL (ORP 700) 


Course Directors: 
Susan Mitchell, Ed.D. 
James DeBoer, Ph.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: The MIDAS REX Hands-On Workshops will 
be held each day from 7:30 a.m. to 1:30 p.m. The wor 
will emphasize a series of structured exercises utilizing ap- 
ropria animal bones, skeletal bones, bioplastics, and 
etals. 


Neuro 700 — dissection skills for bonework of the cranium 
and sp ne, including attention to bioplastics and biometals 
applicable to neurosurgery. 

Issection in small bones, large bones, 
spines, joint replacement, revision surgery, 
methylmethacrylate, polyethylene, and biometals, includ- 
ing broken stem extraction. 


ction skills to become familiar with 

a of power instrumentation; discussion of 

and participation in problem solving, care, and proper 
maintenance of power equipment. 


CREDIT: C.M.E. Credit Available 


COURSE LOCATION AND ACCOMMODATIONS: The 
Beverly Hilton, 9876 Wilshire Boulevard, Beverly Hills, CA 
90210. Phone 213-274-7777. 


; Fee (US$): Surgeon $965.00; Fellow/Res- 
ident $585.00 (with letter from Department bor ey Op- 
erating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to "Los Angeles Symposium.” Mail to: Midas 
Rex Institute, 2929 Race Street, Fort Worth, TX 76111. 
Phone: 800-433-7639 or 817-831-2604. 


Enrollment is limited. Please call to reserve space before 
sending check or ee travel plans. All enrollments are 
made through the Midas Rex office in Fort Worth. 


Join the more than 8,000 enrollees who have completed Midas Rex Hands-On Workshops. 








“The technological advantage of the Midas 
Rex instrumentation provided the capability 
to safely perform a complex spinal osteo- 
tomy in a simplistic, gentle manner with a 
tremendous saving of time. The ability to 
remove the entire fused spine in a safe and 
efficient manner with the S-1 dissecting 
tool and S footed attachment, would not 
have been possible with other types of 
instrumentation.” — T.B., M.D 


Midas Rex Pneumatic Tools, Inc. 
3001 Race Street @ Fort Worth, Texas 76111 
800-433-7080 © (Texas) 817-831-4181 





EEG and EVOKED POTENTIALS: 
INTRAOPERATIVE AND ICU MONITORING 


January 3-6, 1991 

The Buena Vista Palace 
Lake Buena Vista, Florida 

In Walt Disney World Village 


Course Directors: Betty L. Grundy, M.D., Michael E. Mahla, M.D. and 
William A. Friedman, M.D. 
FACULTY: Philip G. Boysen, M.D. 
Fred Bauman, R. EEG/R. EP T. 
Geraldine M. Chadwick, M.A. 
Gian E. Chatrian, M.D. 
Jasper Daube, M.D. 


Edward J. Hammond, Ph.D. 
Christopher F. James, M.D. 
Steven A. Reid, M.D. 
Frank W. Sharbrough, M.D. 
Kathryn A. Toney, B.S. 


Salvatore R. Goodwin, M.D. 


Learn all YOU need to know about EEG 
and Evoked Potential Monitoring 

A distinguished faculty will present indications methods, and inter- 
pretation techniques for EEG and evoked potential monitoring. Par- 
ticipants will be divided into small groups for a more personal, 
hands-on approach, using a wide variety of EEG and evoked potential 
systems. 
Course tuition is $500 ($550 after November 30, 1990). Cancellation 
of registration by written notification only prior to December 1, 1990. 
There is a $50 cancellation fee. This program will be approved for 
Category 1 credit toward the Physicians Recognition Award of the 
American Medical Association. 
For complete information contact Mrs. Carolyn Schoenau, Program 
Coordinator, Anesthesiology Alumni Association of Florida, Inc., Post 
Office Box 13417, Gainesville, Florida 32604 (Area code 904 
392-8959). 
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Drug Evaluations 
Subscription 


new looseleaf format 
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See for yourself 
how DRUG EVALUATIONS Subscription 
can enhance your practice 


How do you decide what to 
prescribe for hypertension in 
diabetics? How do you determine 
whether a patient’s impotence 

is amenable to drug therapy? How 
do you determine if the drug you 
want to prescribe is safe for a pregnant patient? And how do you stay abreast of new 
prescription medications? 


You'll find authoritative answers to most of the drug questions you encounter in daily 
practice in DRUG EVALUATIONS Subscription from the American Medical Association. 


Now the most clinically relevant reference available on prescription drugs comes in a 
convenient new looseleaf format, updated quarterly. With DE Subscription, you'll 
always have the most current information at hand. 


Order a chapter for review — absolutely free 

Call the AMA toll-free today for a free sample. And see for yourself how DE Subscription 
can enhance your practice. Choose one of four newly revised chapters: Antihypertensive 
Drugs, Drugs Used in Male Reproductive Dysfunction, Antiviral Drugs, or Drugs Used 
in Mood Disorders. 


Become a Charter Subscriber — and save 20 percent 

DE Subscription is available at a special rate through July 31, 1990. A year’s charter 
subscription, including sturdy binders, slipcase, and quarterly updates, now costs just 
$116. That’s 20 percent off the regular price. 





To order your free chapter, just call the AMA’ toll-free number. Or use your Visa or 
MasterCard to become a Charter Subscriber today — and save 20 percent. 


¢ The special Charter Subscriber offer is good through July 31, 1990. This offer cannot be combined with any 
other discount offer. 


¢ Visa or MasterCard number must accompany phone orders. 
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Brain Morphology in Developmental Dyslexia and 


Attention Deficit Disorder/Hyperactivity 


George W. Hynd, EdD; Margaret Semrud-Clikeman, PhD; Alison R. Lorys, PhD; Edward S. Novey, MD; Deborah Eliopulos, RT 


è This study examined the specificity of 
deviations in patterns of normal brain 
asymmetry on the magnetic resonance 
imaging scans of 10 dyslexic, 10 attention 
deficit disorder/hyperactivity (ADD/H), 
and 10 normal age- and sex-matched con- 
trol children. Reliabilities of region of in- 
terest measurements for left and right an- 
terior and posterior width and area, length 
of the bilateral insular region, and length of 
the bilateral planum temporale were ex- 
cellent. Both the dyslexic and ADD 7H chil- 
dren had significantly smaller right anteri- 
or-width measurements than did normal 
subjects. The dyslexics also had a bilater- 
ally smaller insular region and significantly 
smaller left planum temporale than did the 
normal subjects. Seventy percent of the 
normal and ADD/H children had the ex- 
pected left greater than right pattern of 
plana asymmetry, while only 10% of the 
dyslexic children did. The very significant 
increase in the incidence of plana symme- 
try or reversed asymmetry seems unique 
to dyslexia and may be related to devia- 
tions in normal patterns of corticogenesis. 
Although significantly more dyslexic chil- 
dren were left-handed than were the nor- 
mal and ADD /H children, no significant re- 
lationship emerged between left-handed- 
ness, incidence of allergies or familial 
autoimmune disease, and variability in in- 
dexes of brain morphologic findings. 
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pproximately 3% to 6% of all 
school-age children are believed 
to suffer from developmental dyslex- 
ia,'? which has been defined as a “rare 
but definable and diagnosable form of 
primary reading retardation with 
some form of central nervous system 
dysfunction.” A diagnosis of dyslexia 
typically requires normal intelligence, 
a significant discrepancy between 
measured ability and reading achieve- 
ment, and the absence of other handi- 
capping conditions that may produce 
reading delay. 

While it is reasonably well docu- 
mented that some dyslexic children 
may variably suffer from deficits in 
visuoperceptual processes,’ sequenc- 
ing ability,» phonemic segmentation,‘ 
and automatized cognitive processing,’ 
it has historically been assumed that 
these deficits result from a disruption 
in underlying neurologic systems.! Be- 
havioral evidence provides support for 
what has been referred to as the Wer- 
nicke-Geschwind model.: This model 
implicates the involvement in reading 
of the bilateral posterior cortex; region 
of the angular gyrus; Wernicke’s re- 
gion, including the superior temporal 
and insular regions; and Broca’s area. 
Topographic mapping of brain electri- 
cal activity provides some support for 
this model and advances evidence that 
the region of the supplementary motor 
area may be involved as well.’ How- 
ever, despite support for this neuro- 
logic model of reading, the behavioral 
evidence for the presumed neurologic 
origins of dyslexia has remained only 
correlative, until recently.!°!! 

Neuroimaging and postmortem 
studies comprise more direct evidence 
as to how neurologic substrata differ in 


the brains of dyslexics. Based on neu- 
robiological theory that implicates the 
importance of the central language 
centers,™" computed tomographic 
(CT)/magnetic resonance imaging - 
(MRI) studies have provided evidence 
that ties deviations in normal patterns 
of posterior asymmetry (left greater 
than right [L > R]) to the dyslexic 
syndrome.'*”° 

Both CT” and postmortem stud- 
ies?” document that about 66% of 
normal brains are asymmetric 
(L > R), favoring the left planum tem- 
porale and posterior region. Other 
asymmetries also exist. For example, 
in 75% of brains the volume of the 
right frontal region exceeds that of the 
left, the left anterior speech region 
(pars opercularis and pars triangu- 
laris of the third frontal convolution) 
is larger than is the right,” and the left 
auditory cortex” and posterior thala- 
mus” show similar (L > R) asymme- 
tries. 

Dyslexics would appear to have a 
higher incidence of symmetrical or re- 
versed posterior asymmetry than is 
found in control populations. While 
approximately two thirds of control 
brains show L>R posterior asym- 
metry,” only 10% to 50% of dyslexic 
brains show this pattern.'*!*”° Cytoar- 
chitectonic studies also support the 
finding of a higher-than-normal inci- 
dence of plana symmetry and docu- 
ment the presence of numerous focal 
dysplasias preferentially involving the 
left frontal, left perisylvian, and right 
frontal regions.” The CT/MRI and 
postmortem studies, while few, would 
seem to implicate some deviation in 
normal patterns of neuronal migra- 
tion and maturation during the fifth to 
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seventh month of fetal gestation.>° 

Neurobiological theory also predicts 
that there is an interaction between 
deviations in normal patterns of brain 
morphologic appearance in dyslexia, 
the co-occurrence of left-handedness, 
and an increased incidence of allergies 
and familial autoimmune disease.*! 
While studies consistently document a 
significantly greater incidence of left- 
handedness in populations of dys- 
lexics,’*'* little direct evidence exists 
that ties the co-occurrence of auto- 
immune disease to left-handedness 
among dyslexics.** No evidence attests 
to the interaction between deviations 
in brain morphologic findings in dys- 
lexia, the presence of autoimmune dis- 
ease, and left-handedness in dyslexia. 

While supportive of the neurobio- 
logical model of dyslexia, the neuroim- 
aging and postmortem studies are 
characterized by serious methodologic 
flaws. A critical review of these studies 
suggests that the neuroimaging stud- 
ies employed poorly documented dys- 
lexic populations, included question- 
able control populations, failed to in- 
clude populations with other clinical 
syndromes in order to document the 
uniqueness of deviations in patterns of 
brain asymmetry in dyslexics, and 
failed to examine the relationship be- 
tween left-handedness and autoim- 
mune disease as they relate to patterns 
of brain morphologic findings in 
dyslexia.” The postmortem studies are 
similarly characterized by method- 
ologic problems.” 

In this context then, the purpose of 
this study was to determine whether 
deviations in patterns of normal brain 
asymmetry characterize the brains of 
dyslexics. By including a clinic control 
population with attention deficit dis- 
order/hyperactivity (ADD/H) with- 
out significant learning problems, the 
relative uniqueness of symmetry or 
reversed asymmetry in the region of 
the plana in dyslexia could be deter- 
mined. Since the neurologic basis of 
ADD/H presumably involves frontal 
dysfunction in the _ caudostriatal 
region™* and not the left central lan- 
guage zones, it might be expected that 
only the dyslexics would show differ- 
ent patterns of plana morphologic 
findings. Data were also obtained for 
the right and left anterior area and 
width, insular region, and posterior 
area and width. 


A second aim of this study was to 
improve on the diagnostic procedures 
employed in deriving the dyslexic and 
ADD/H groups such that the fre- 
quency and kind of Diagnostic and 
Statistical Manual of Mental Disor- 
ders, Third Edition (DSM ITT) codiag- 
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noses could be determined. This was 
viewed as important, since a recent 
federal reformulation of the definition 
of learning disabilities noted the fre- 
quent co-occurrence of learning dis- 
abilities and the attention deficit 
disorders.* 

Finally, no neuroimaging study of 
patterns of brain morphologic findings 
in dyslexics has employed a computer 
program that allows for metric mea- 
surements to be made on the MRI scan 
itself. In using such a program, reli- 
ability of region of interest (ROI) mea- 
surements could be obtained. This was 
viewed as important, especially con- 
sidering the well-documented difficul- 
ties in measuring the region of the 
planum temporale.” 


SUBJECTS AND METHODS 
Subjects 


The subjects who participated in this 
study were either outpatients of the Center 
for Clinical and Developmental Neuropsy- 
chology (CCDN) at the University of Geor- 
gia, Athens, or were normal control sub- 
jects solicited from the community. The 
CCDN serves as a diagnostic and referral 
facility for northeast Georgia, and refer- 
rals came primarily from area physicians, 
other clinics, or school districts. The 10 de- 
velopmental dyslexic and 10 ADD/H chil- 
dren represented consecutive referrals ex- 
cluding those patients who received other 
primary DSM III or Diagnostic and Statis- 
tical Manual of Mental Disorders, Revised 
Third Edition (DSM III-R) diagnoses or 
those children who were diagnosed as hav- 
ing mild mental retardation (Full Scale IQ 
[FSIQ] <70), epilepsy, closed head trauma, 
or other neurologic disorders. All subjects 
were white, native English speaking, and 
from lower-middle to middle socioeconomic 
environments. Furthermore, all of the 
ADD/H children were judged by their neu- 
rologist and parents to be favorable re- 
sponders to stimulant medication. All chil- 
dren diagnosed as ADD/H also met 
diagnostic criteria for attention deficit hy- 
peractivity disorder (ADHD) (DSM III-R). 
There were eight male and two female sub- 
jects in each group. Other important sub- 
ject and psychometric data are presented in 
Table 1. 


Diagnostic Procedures 


Each child and one of their biological 
parents (usually the mother) attended a 
day-long comprehensive diagnostic proc- 
ess. Since the purpose of the CCDN is to 
provide a clinical service and to conduct re- 
search, written informed consent was ob- 
tained from the parent and oral consent 
was obtained from the subject for both the 
neuropsychological assessment and MRI 
scan. 

The neuropsychological procedures in- 
cluded intellectual assessment using the 
Wechsler Intelligence Scale for Children- 
Revised (WISC-R),*® reading appraisal 
using the Woodcock Reading Mastery 


Tests-Revised (WRMT-R),* and both more 
traditional and experimental neuropsycho- 
logical procedures. Handedness was as- 
sessed by observing performance on 10 
items from the Edinburgh Inventory.* The 
Edinburgh Inventory yields a laterality 
quotient such that a score of —100 indicates 
pure left-handedness, while +100 signifies 
pure right-handedness. Data were also ob- 
tained as to whether or not the subject had 
a diagnosed allergy or whether there was a 
history of autoimmune disease in the fam- 
ily (eg, rheumatoid arthritis and lupus). 
Subjects were screened for the same disor- 
ders as were the subjects in the study by 
Pennington et al,”? so that comparable data 
would be available. 

Behavioral information was obtained 
through parent and teacher interviews em- 
ploying a revision of the Schedule for Af- 
fective Disorders and Schizophrenia for 
School-Age Children* updated to include 
questions about all symptoms found in the 
DSM III and DSM ITI-R for the diagnosis of 
Conduct Disorder, ADD/H and attention 
deficit disorder/without hyperactivity 
(ADD/WO), ADHD, Overanxious Disor- 
der, Separation Anxiety Disorder, Major 
Depressive Episode, Dysthymic Disorder, 
and Oppositional Defiant Disorder. Addi- 
tional behavioral information was obtained 
from parent- and teacher-completed SNAP 
Checklists and the Achenbach Child Be- 
havior Checklist.* 

Diagnostic criteria for developmental 
dyslexia included normal or better intellec- 
tual ability (FSIQ => 85), a positive family 
history for learning problems, personal his- 
tory of difficulty learning to read, reading 
achievement significantly (=> 20 standard 
score points) below FSIQ on both the Word 
Attack and Passage Comprehension 
subtests of the WRMT-R, and no behavior- 
ally reported symptoms of hyperactivity. 
While some reported symptoms of inatten- 
tion and impulsivity were permitted among 
the dyslexics, a co-occurring diagnosis of 
ADD/H or ADHD excluded participation 
in this study. 

Diagnosis of ADD/H required average or 
better intellectual ability (FSIQ = 85); no 
reported family history of learning prob- 
lems; no significant deficit in reported or 
measured achievement; documented behav- 
ioral deficits in attention, impulsivity, and 
motor activity (hyperactivity) consistent 
with a DSM III ADD/H diagnosis; and a 
favorable response to stimulant medica- 
tion. Children diagnosed as normal were 
administered the same comprehensive 
evaluation procedures and were required to 
have average or better intellectual ability 
(FSIQ = 85); no reported family history of 
learning problems; no significant deficit in 
achievement; and no reported or observed 
medical, educational, social, or emotional 
difficulties. 

Diagnosis was based on similar proce- 
dures employed in other clinics.“ Diagnos- 
tic decisions were reached separately by 
two psychologists after considering all rel- 
evant historical, behavioral, and psycho- 
metric data. Diagnostic decisions were re- 
quired to reflect the above-noted criteria for 
inclusion in this study as well as the crite- 
ria outlined in DSM II] or DSM III-R for the 
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Developmental 
Dyslexics, 


Variable 


Chronologic age, 
mo 118.90 (24.55) 


Handedness, % right 38 (88.00) 


x 
(SD) 









No. of reported allergies / 


autoimmune disease 3/1.2 








WISC-R IQs 
Verbal 107.00 (11.20) 
Performance 107.70 (10.89) 
Full Scale 108.00 (8.68) 
WRMT-R (Reading Achievement) 


Word Attack 


Passage 
Comprehension 


73.80 (14.91) 






75.00 (17.17) 





Table 1—Subject and Psychometric Data* 





No. of codiagnoses 3 7 0 













Attention Deficit 
Disorder/ Hyperactivity 
x 





Normal, 






x 
(SD) (SD) 









120.60 (40.43) 
96 (8.43) 


141.20 (24.07) 
96 (6.99) 






1/1.4 4/0.9 






106.50 (15.80) 
110.80 (13.97) 
109.30 (12.27) 


122.80 (9.96) 
124.80 (15.74) 
125.40 (10.91) 












96.30 (16.47) 115.60 (9.97) 






99.40 (10.78) 112.30 (12.34) 


* WISC-R indicates: Wechsler Intelligence Scale for Children-Revised; WRMT-R, Woodcock Reading Mastery 
Tests-Revised. Word Attack and Passage Comprehension test scores are reported in standard scores. N = 10 


for all groups. 


other psychiatric disorders. Disagreement 
in diagnosis by the two psychologists was 
resolved through mutual discussion. Reli- 
abilities for this diagnostic process have 
been reported elsewhere“ and meet ac- 
cepted criteria for reliability in clinical 
diagnosis.“ 


MRI Protocol 


Once a child was entered into the study, 
sequential T, sagittal and axial MRI planes 
were obtained using a 0.6-T Technicare 
scanner (Health Images; Atlanta, Ga). A 
carefully selected protocol involving fifteen 
T.5-mm sagittal planes (TR = 690; 
TE = 32) and eleven 5-mm axial planes 
(TR = 500, TE = 32) was used. Region of 
interest measurements were obtained us- 
ing the Technicare ROI measurement soft- 
ware system. Figure 1 shows how left and 
right anterior-width measurements were 
obtained. 


MRI Quantification and Reliability 


All MRI studies were read by a neurolo- 
gist as not having a pathologic appearance. 
Careful documentation of the neuroana- 
tomic relationship between CT asymme- 
tries and measurements made post mortem 
reveal that the axial slice transversing the 
region of the planum temporale (including, 
in part, the supramarginal and angular gy- 
ri) is the only slice that correlates signifi- 
cantly in this regard.* Consequently, an 
axial slice transversing this region was se- 
lected for obtaining the ROI measurements 
for the width and area of the left and right 
anterior (from a line drawn horizontally 
across the tip of the genu) and posterior 
(from a line drawn horizontally across the 
posterior tip of the splenium) regions, 
length of the left and right insular regions, 
and for total brain area. Extreme lateral 
sagittal slices were employed in obtaining 
the left and right planum temporale length 
measurements. 

Reliability of ROI measurements ob- 
tained from MRI scans of the children’s 
brains has not previously been reported, to 
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our knowledge. Recognizing the significant 
variability in brain morphologic findings 
and in recognition of the fact that some of 
the ROI may not be easily judged,” 10 MRI 
scans were randomly selected and an inde- 
pendent measure obtained for each ROI. 
The initial measurements were made by an 
experienced radiological technologist 
trained specifically to identify the ROI. The 
reliability check was completed by a pedi- 
atric neuropsycehologist with expertise in 
developmental neuroanatomy. Reliability 
coefficients were excellent (x = 0.95) across 
the 13 ROI measurements. These data are 
reported in Table 2. 


RESULTS 


While there were no significant 
(P > .05) differences in chronologic age 
across groups, there was a significant 
difference (F [2,27] = 8.66, P < .001) in 
general intellectual ability (FSIQ), 
with the normal children having a sig- 
nificantly -higher FSIQ (x = 125.90) 
than either the dyslexic (x = 108.00) or 
ADD/H (x = 109.30) children. Based 
on data from the Edinburgh Inven- 
tory,” three dyslexic subjects were 
judged to be left-handed, while none of 
the ADD/H or normal children were 
identified as left-handed. A significant 
difference (#'[2,27]= 4.21, P < .025) 
was noted between groups on the lat- 
erality quotient due to the three left- 
handers in the dyslexic group. 

There was also a significant differ- 
ence in the number (x7{2]= 11.10, 
P < .004) and kind of codiagnoses be- 
tween the groups. Three dyslexics re- 
ceived DSM III codiagnoses (overanx- 
ious disorder, major depressive epi- 
sode, and ADD/WO), while seven 
codiagnoses were made with the ADD/ 
H children (three conduct disorder, 
one Overanxious, one separation anxi- 
ety, and two oppositional defiant dis- 


order [DSM III-R]). No significant dif- 
ferences (P > .05) existed in terms of 
the incidence of allergies among the 
subjects or in terms of the reported 
incidence of autoimmune disease in 
the families of these subjects. Overall, 
however, none of these measures sig- 
nificantly correlated with ROI data 
and were, therefore, not employed as 
covariates in the following analyses. 

Means and SD for the ROI measure- 
ments are presented in Table 2. An 
initial analysis revealed that there 
were no significant differences (P 
> .05) in total brain area between the 
dyslexic, ADD/H, and normal chil- 
dren. Therefore, it seems reasonable 
that any resulting differences in pat- 
terns of hemispheric asymmetry or 
symmetry between these groups may 
be associated with regional variation 
in neurologic development and not due 
to gross differences in brain morpho- 
logic findings. 

A 2 (left-right) X 3 (group) analysis 
of variance (ANOVA) indicated signif- 
icant (F'[2,24] = 6.00, P <.01) differ- 
ences in anterior-width measurements 
according to group. Figure 2 shows 
that the normal children evidenced the 
typical pattern of left less than right 
(L < R) asymmetry, but that the dys- 
lexic and ADD/H children had bilat- 
erally smaller anterior cortexes, with 
the dyslexic children characterized by 
symmetry of the anterior region. 
Tukey’s pairwise comparisons docu- 
mented that both the dyslexic 
(q = 4.5, P < .05) and ADD/H children 
(q = 3.6,P < .05) differed from the 
normal children in right anterior- 
width measurements but not on the 
width measurements for the left ante- 
rior region. Consequently, it would 
seem that the group differences in an- 
terior-width measurements primarily 
reflect the significantly smaller width 
of the right anterior region in both 
dyslexic and ADD/H children in com- 
parison with the wider right anterior 
region of the normal children who also 
show the expected L < R asymmetry.” 

The length of the insular region also 
significantly differed (F [2,24] = 6.02, 
P<.01) between groups (Fig 3). 
Tukey’s pairwise comparisons indi- 
cated that the dyslexics differed sig- 
nificantly from the normal children in 
the length of the left (q = 5.25, P < .05) 
and right (q = 6.83, P < .05) insular re- 
gions. The ADD/H childen did not 
differ significantly (P > .05) from ei- 
ther the dyslexic or normal children. It 
can be concluded that dyslexic children 
have a bilaterally shorter insular re- 
gion than do normal children. 

An ANOVA for between-group dif- 
ferences revealed a significant inter- 
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action between right and left plana 
length and group (F'[2,24] = 4.82, 
P < .05). Tukey’s pairwise compari- 
sons indicated that the dyslexic group 
differed significantly (q = 5.92, P 
< .05) from the normal group in left 
planum temporale length (dyslexics, 
1.20 cm; normal subjects, 1.52 cm). No 
significant comparisons resulted when 
length of the right planum temporale 
was examined. These effects are de- 
picted in Fig 4. 

Since previous studies have sug- 
gested a higher incidence of symmetry 
or reversed asymmetry of the planum 
temporale in dyslexics,” a x? analysis 
was computed on the relative fre- 
quency of left less than or equal to 
right (L < R) and L > R patterns. The 
right and left measurements were con- 
sidered to differ in direction (L < R, 
L > R) if the magnitude of the differ- 
ence was greater than 0.1 cm. This 
method is similar to other reports.” 

As can be seen in Fig 5, a significant 
(x [2] = 9.60, P < .008) effect resulted. 
In comparison with the normal and 


ADD/H children who evidenced the 
more typical L>R pattern (70% 
L > R; 30% L < R), fully 90% of the 
dyslexic children had either symmet- 
rical or reversed asymmetry (L < R) 
of plana length. Assuming that 30% 
L < R plana length morphology is nor- 
mal, the 90% incidence of this pattern 
in the dyslexic children represents a 
very significant departure from nor- 
mal patterns of differential brain mat- 
uration. 

When differences in posterior area 
and width measurements were exam- 
ined, no significant (P > .05) group, 
hemispheric, or interaction effects 
were found. Consequently, when em- 
ploying measurements of the posterior 
region from a line drawn horizontally 
across the left and right region later- 
ally from the tip of the splenium, no 
patterns of asymmetry or group ef- 
fects emerged. 


COMMENT 


Our results document the unique- 
ness of an increased incidence of 


L<R plana length symmetry/ 
reversed asymmetry in the brains of 
dyslexic children, in comparison with 
carefully diagnosed normal age- and 
sex-matched control children and a 
clinic control group of ADD/H chil- 
dren. The fact that there were no sig- 
nificant differences between these 
groups in total brain area suggests 
that this regional variation in brain 
morphologic characteristics is due to a 
more specific deviation in brain ontog- 
eny. 
The finding that 70% of the normal 
and ADD/H children had L > R pat- 
terns of asymmetry in the region of the 
plana supports similar findings by 
other investigators employing CT/ 
MRI.”3 This figure also correlates 
well with the postmortem findings 
that 65% of normal adult brains and 
79% of infant brains are larger on the 
left side in the region of the planum 
temporale.” The 90% incidence of 
L < Rin the dyslexics in the length of 
the planum temporale is a very signif- 
icant increase over normal base rates. 


Fig 1.—Magnetic resonance imaging (MRI) scan of a boy with developmental dyslexia showing reversed pattern (left greater 
than right) of frontal width asymmetry (top, left and right) (left frontal width, 5.4 cm; right frontal width, 5.2 cm) contrasted 
with a normal subject’s MRI scan (bottom, left and right) showing the more typical pattern (left less than right) of frontal width 
asymmetry (left frontal width, 5.1 cm; right frontal width, 5.6 cm). 
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Further, our results indicate that it 
was primarily the signifieantly 
smaller left planum temporale that 
contributed to the higher incidence of 
L < R patterns in the dyslexics. 

The finding of a significantly smaller 
than normal left planum temporale in 
the dyslexics is at variance with the 
bilaterally large plana reported at au- 
topsy in dyslexics.” Two reasons may 
account for this difference. Galaburda 
et al” visually inspected the plana at 
autopsy and concluded that they were 
bilaterally larger in area in dyslexic 
subjects than in normal subjects. Un- 
like the present study, no metric data 
supported their conclusions. Second, 
we only measured the length of the 
plana as revealed on extreme lateral 





Reliability 
of Measure 

















* ROI indicates region of interest. 


Fig 2.—Group and hemispheric differences in the width of the anterior 
region of interest measurements. L indicates left; R, right. 
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Table 2.—Means and SDs for ROIs in Developmental Dyslexic, Attention Deficit 
Disorder / Hyperactivity, and Normal Children * 


Developmental 
Dyslexics, 


(SD) 





Total area, cm? .97 144.05 (8.11) 143.41 (15.76) 144.35 (9.12) 
Left frontal area, cm? .87 18.44 (1.53) 18.93 (2.06) 18.95 (2.56) 
Right frontal area, cm? .95 19.30 (2.75) 19.71 (1.65) 20.49 (2.93) 
Left plana length, cm .97 1.20 (0.41) 1.41 (0.21) 1.52 (0.35) 
Right plana length, cm .95 1.32 (0.37) 1.20 (0.30) 1.34 (0.39) 
Left insular length, cm .97 4.52 (0.88) 4.8 (0.54) 5.15 (0.58) 
Right insular length, cm .97 4.36 (0.75) 4.64 (0.66) 5.18 (0.56) 
Right frontal width, cm .94 5.23 (0.18) 5.39 (0.30) 5.59 (0.29) 
Left posterior area, cm? .93 29.94 (3.66) 28.77 (3.75) 30.31 (4.37) 
Right posterior area, cm? .97 28.60 (4.01) 25.66 (3.49) 28.65 (4.61) 
Left posterior width, cm .97 6.40 (0.27) 6.41 (0.27) 6.46 (0.13) 
Right posterior width, cm .93 6.38 (0.28) 6.29 (0.47) 6.44 (0.15) 


Deficit Disorder / 
Hyperactivity 





sagittal MRI scans. While there are 
significant difficulties in measuring 
the region of the plana,” good reliabil- 
ities were obtained in the present 


_ study in measuring the left (0.97 em) 


and right (0.95 cm) plana length. These 
measurements were taken from the 
posterior end of the sylvian fissure at 
the temporoparietal juncture to the 
second transverse Heschl sulcus. The 
correlation of length measurements to 
plana area as reported in Galaburda 
and coworkers” autopsies is unknown. 
Thus, comparing our incidence of 
length asymmetry or symmetry with 
area measurements obtained at au- 
topsy may not be appropriate. 
Nonetheless, consistent with the 
conclusions of Galaburda et al, re- 
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sults reported here do support the no- 
tion that the mechanism of corticogen- 
esis, and possibly the processes associ- 
ated with the elimination of unwanted 
cells, is implicated in dyslexia. Since 
the dyslexic subjects and normal sub- 
jects did not differ significantly in 
right plana length (1.32 cm vs 1.34 cm, 
respectively) but did in terms of the 
left plana length (1.20 cm vs. 1.52 cm, 
respectively), it would seem that some 
deviation in corticogenesis preferen- 
tially affects the left planum tempo- 
rale during development. The dispro- 
portionate clustering of focal dyspla- 
siasin the left planum temporale (11:1) 
in the study by Galaburda et al” sup- 
ports this conclusion.” 

The finding of a bilaterally smaller 
insular region in dyslexia is also of in- 
terest. While it is not unreasonable to 
assume some correlation between 
plana and insular morphologic fea- 
tures during fetal development and 
maturation, the left insular region has 
historically been associated with lan- 
guage disturbance. Marie, for example, 
argued that the only true language 
disturbance resulted from lesions af- 
fecting Wernicke’s region (of which 
the planum temporale comprises the 
posterior area) and the intrahemi- 
spheric fibers connecting it to Broca’s 
area.” The relative importance of the 
insular region in dyslexia is further 
implicated in positron emission tomo- 
graphic studies of regional cerebral 
glucose metabolism (rCMRglc) in 
which dyslexics show bilaterally de- 
creased levels of rCMRglc during read- 
ing compared with normals.* It may 
be that bilaterally smaller insular re- 


Fig 3.—Group and hemispheric differences in the length of the insular 
region of interest measurements. L indicates left; R, right. 
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Fig 4.—Group and hemispheric differences in the length of the plana 
region of interest measurements. L indicates left; R, right. 


gions as found in the dyslexics in this 
study correlates with the hypometa- 
bolic activity of the insular region ob- 
served in the positron emission tomo- 
graphic study. 

Futhermore, anterior-width mea- 
surements also distinguished between 
groups. Both dyslexic and ADD/H 
children had significantly smaller 
right anterior-width measurements 
than did normal control children. 
While the normal children clearly 
demonstrated the expected L<R 
asymmetry of the anterior region,” 
both ADD/H and dyslexic children 
seemed characterized by a lack of an- 
terior asymmetry (Fig 2). This lack of 
normal asymmetry is the result, how- 
ever, of a significantly smaller right 
anterior-width measurement for both 
the ADD/H and dyslexic children. The 
fact that dyslexics consistently 
showed smaller regions (left planum, 
bilateral insular regions, and right 
anterior region) known to be impli- 
cated in language and in regulation of 
motor control and attention further 
implicates some deviation in normal 
patterns of brain development. 

Unlike previous studies,'*'* we did 
not find a significant difference be- 
tween dyslexic subjects and normal 
subjects on the patterns of asymmetry 
for the posterior area or width. In re- 
examining the ROI protocol, we con- 
clude that our horizontal line drawn 
across the posterior tip of the splenium 
may have been too far anterior when 
compared with the line Hier et al’ 
used to document posterior parieto- 
occipital asymmetries. Also, measure- 
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Fig 5.—Percent of subjects by group with left-right asymmetry or sym- 
metry of plana length. L > R indicates left greater than right; L < R, left 


less than or equal to right. 


ments of the right and left anterior 
area failed to yield significant hemi- 
spheric or group effects. The consider- 
able variance in area measurements 
among subjects may have obscured 
potential group or hemispheric effects. 
In fact, it would appear that the more 
discrete the ROI measure (ie, length of 
plana or length of insular region), the 
greater the probability of deriving the- 
oretically relevant group differences. 
This may suggest the relative specific- 
ity of the deviant patterns of brain 
morphologic characteristics in dyslex- 
ics. 

In previous CT/MRI studies of dys- 
lexics, no objective measure of hand- 
edness or laterality has been reported. 
Although quantifiable data are not re- 
ported, observations made by various 
investigators suggest that across the 
neuroimaging studies the incidence of 
left-handedness is approximately 
21%.” Normative data suggests that 
the incidence of left-handedness is 
about 8% to 10%.” In our study, we 
objectively determined that 30% of the 
dyslexic children were left-handed, 
while none of the normal or ADD/H 
children were so identified. Thus, con- 
sistent with other neuroimaging stud- 
ies, we find a very significant increase 
in the incidence of left-handedness in 
the dyslexics, but there appeared to be 
no significant correlation with any of 
the ROI measurements. It is relevant 
to note, perhaps, that the three left- 
handed dyslexics had either reversed 
asymmetry of the planum temporale 
(two subjects) or symmetrical plana 
(one subject). 


It is unclear why we found a signif- 
icant difference in terms of handed- 
ness among dyslexic, normal, and 
ADD/H children while Pennington et 
al.? did not. Although the Edinburgh 
Inventory” was employed in both stud- 
ies, we found an increased incidence of 
left-handedness consistent with the 
other neuroimaging studies.” It is pos- 
sible the small sample size may have 
produced these differences. However, 
another factor may also be relevant. 
For a diagnosis of dyslexia, we re- 
quired a significant difference (= 20 
standard score points) between FSIQ 
and both Word Attack and Passage 
Comprehension on WRMT-R.” As can 
be seen in Table 1, the dyslexics scored, 
on the average, 34.2 and 33.0 standard 
score points below FSIQ on the Word 
Attack and Passage Comprehension 
subtests, respectively. This is a very 
significant deficit (> 2 SD) in reading 
achievement and is contrasted with 
the mean difference of 17.1 standard 
score points between IQ and reading 
recognition in the study by Pennington 
et al.” Thus, it may be that in more se- 
riously deficient dyslexics an increased 
incidence of left-handedness emerges. 
Other than the fact that the three 
left-handed dyslexics demonstrated 
L < R plana morphologic characteris- 
tics (as did 30% of the normal and 
ADD/H children), no relationship to 
patterns of brain morphologic findings 
emerged. 

No significant differences were 
found in the incidence of allergies or 
reported history of familial autoim- 
mune disease in these groups of sub- 
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jects. Geschwind and Galaburda' 
and Geschwind” have argued for an 
association between dyslexia, left- 
handedness, and autoimmune disor- 
ders. As Pennington et al.” point out, 
the best evidence to date is in support 
of some association between left-hand- 
edness and dyslexia and between left- 
handedness and autoimmune illness. 
In their study, Pennington et al” 
found an elevation in both autoim- 
mune and allergic disorders in dyslex- 
ics but no relationship with handed- 
ness. Again, perhaps because of the 
small number of subjects in this study, 
the relationship between autoimmune 
diseases and dyslexia did not emerge. 
Further, there was no significant cor- 
relation in this study quantitatively or 
clinically between handedness, dys- 
lexia, autoimmune disorders, and 
brain morphologic features. 

If, indeed, relationships exist be- 
tween deviations in brain morphologic 
characteristics, left-handedness, and 
an increased incidence of autoimmune 
disease or maternal anti-Ro antibody 
in dyslexia,” then more discrete mea- 
sures of brain morphologic character- 
istics and direct tests of immune sys- 
tem functioning are most likely indi- 
cated in future studies. Consistent 
with Kinsbourne’s™ perspective, it 
may be that the associations among 
these factors are polymorphie where 
left-handedness, allergies and auto- 
immune disease, and dyslexia have 
separate origins but seem to co-occur 
for other reasons. A transactional 
model may best explain these associa- 
tions. 

The careful diagnostic procedures 
employed in this study allowed for an 
examination of the number and kind of 
DSM IIT codiagnoses among the dys- 
lexic and ADD/H children. Consistent 
with previous reports,” the ADD/H 
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children had a significantly greater 
number of codiagnoses, primarily 
those characterized as externalizing, 
disruptive disorders (eg, conduct dis- 
order and oppositional defiant disor- 
der). The dyslexic children, on the 
other hand, had fewer codiagnoses 
(three vs seven) than did the ADD/H 
children and the dyslexic children 
would be considered more representa- 
tive of internalizing disorders (over- 
anxious disorder, major depressive 
disorder, and ADD/ WO). 

In a previous report,” significant as- 
sociation between developmental 
learning disabilities and ADD/WO 
was found. Although none of the dys- 
lexics in the present investigation had 
such a primary diagnosis (one had a 
secondary diagnosis of ADD/WO), 
very significant differences (F 
[2,24] = 7.47, P< .003) in the number of 
inattentive symptoms endorsed on the 
SNAP checklists between groups were 
established. The ADD/H children 
clearly were shown to have a greater 
number of symptoms (x = 10.30, 
SD = 4.88) than either the dyslexic 
(x = 5.56, SD = 4.30) or normal chil- 
dren (x = 2.13, SD = 4.16). Although 
the difference between the normal and 
dyslexic children approached signifi- 
cance (P = .153), the only significant 
(P < .05) contrasts were between the 
ADD/H children and both the normal 
and dyslexic children. Nonetheless, the 
observation that dyslexics frequently 
suffer attentional difficulties* needs to 
be further investigated, particularly 
since both the dyslexic and ADD/H 
children were significantly different 
from the normal children on the ante- 
rior-width measurement. While the 
relationship between deviations in an- 
terior functioning and ADD/H are 
just beginning to be investigated,**”> it 
is clear that an examination of behav- 
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nance of power equipment. 


CREDIT: C.M.E. Credit Available 


COURSE LOCATION and ACCOMMODATIONS: Omni 
ebb a Hotel, 939 Ridge Lake Boulevard, Memphis, TN 
38119. Phone: 901-684-OMNI. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Fellow/Res- 
ident $585.00 (with letter from Department Head); All Op- 
erating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to "Memphis Symposium.” Mail to: Midas Rex 
Institute, 2929 Race Street, Fort Worth, TX 76111. Phone: 
800-433-7639 or 817-831-2604. 


Enrollment is limited. Please call to reserve space before 
revlon check or yh rests travel plans. All enrollments are 
made through the Midas Rex office in Fort Worth. 


Join the more than 8,500 enrollees who have completed Midas Rex® Hands-On Workshops. 































Observation 
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èe A 60-year-old white man presented 
with aphasia, seizures, paraparesis, and 
' incontinence. His serologic and hemato- 
logic profiles were unremarkable. His 
cerebrospinal fluid showed pleocytosis, 
increased daily central nervous system 
IgG synthesis, increased myelin basic pro- 
tein, and negative cytology and cultures. 
_ Cerebral computed tomography exhibited 
f multiple areas of hypodensity but spinal 
| computed tomography and myelography 
showed no abnormalities. Cranial and spi- 
nal magnetic resonance imaging revealed 
‘areas of increased signal on T, -weighted 
images. The use of gadolinium-pentetic 
acid on T,-weighted images delineated 
<- smaller areas of cortical enhancement 
` with surrounding rim of decreased signal. 
_ Brain biopsy showed intravascular malig- 
nant cells positive for leukocyte common 
' antigen and B-cell markers. The diagnosis 
was neoplastic angioendotheliomatosis 
(intravascular lymphomatosis). To our 
_knowledge, this is the first report on the 
use of both cranial and spinal magnetic 
resonance imaging in this condition. 

} (Arch Neurol. 1990;47:929-930) 
N eoplastic angioendotheliomatosis, 
"or intravascular lymphomatosis, 
is a rare, fatal neoplasm characterized 
by malignant cells in blood vessels.' 
The cells were initially thought to be of 
endothelial origin,?* but newer immu- 
nostaining techniques disclosed their 
~ lymphocytic nature.*® The neoplasm 
can affect various organs but fre- 
- quently involves the skin and nervous 
~ system.'*!° Nervous system lesions 
have been reported in the cerebrum, 
spinal cord, optic nerve, and dorsal 
|, nerve roots and consist of multiple in- 
farctions caused by progressive occlu- 
sion of the blood vessels.'*!! This ex- 
plains the usual presentation of de- 
~ mentia and multifocal neurologic 
- symptoms. 

There are approximately 100 re- 
ported cases, with roughly one third 
having nervous system involvement. 
re nervous system disease is even 
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- Neoplastic Angioendotheliomatosis 


rarer.'* We present a case of neoplas- 
tic angioendotheliomatosis with pure 
nervous system involvement and de- 
scribe the radiologic and immunologic 
findings. To our knowledge, this is the 
first report on the use of spinal and 
cranial magnetic resonance imaging 
(MRI) with gadolinium-pentetie acid 
(GD-DTPA) in this condition. 


REPORT OF A CASE 


A 60-year-old right-handed white man 
was admitted to our institution for seizures 
and paraparesis. For several months he had 
complained of generalized fatigue, forget- 
fulness, urinary dribbling, and transient 
left eye blurring. One month before admis- 
sion, he presented with speech difficulty and 
generalized tonoclonie convulsions, which 
led to a hospital admission. He subse- 
quently developed urinary incontinence 
and paraparesis and was transferred to our 
institution. The findings of the physical ex- 
amination and the mental status examina- 
tion were normal. No aphasia could be 
demonstrated. The patient’s visual acuity 
was 20/25 bilaterally. The rest of the cra- 
nial nerves, including the optic fundi, were 
normal. The neck was supple. Motor 
strength was 5/5 in the upper extremities 
and 3 to 3+/5 in the lower extremities. 
Abdominal reflexes were present. Rectal 
tone was decreased. Cremasteric and bul- 
bocavernous reflexes were absent. Muscle 
stretch reflexes were 2+ everywhere except 
for loss of ankle jerks. Plantar responses 
were not elicited. Pin sensation was de- 
creased in the perianal area. The results of 
cerebellar testing were normal. 

Hematologic, coagulation, metabolic, and 
serologic profiles (including a test for hu- 
man immunodeficiency virus) were normal. 
Only the toxoplasmosis titers and the anti- 
nuclear antibody and lactate dehydroge- 
nase levels were slightly elevated. Electro- 
encephalography, echocardiography, chest 
roentgenography, serum protein electro- 
phoresis, liver-spleen scan, bone scan, bone 
marrow biopsy, spinal computed tomogra- 
phy (CT), and myelography disclosed no 
abnormalities. Cerebral CT showed bihemi- 
spheric areas of hypodensity initially in- 
terpreted as infarcts. The findings of cere- 
bral angiography performed earlier in an- 
other institution were described as normal, 
and the procedure was not repeated. Cere- 
brospinal fluid showed eight mononuclear 
white blood cells per cubic millimeter 
WBC/mm; no red blood cells; a protein level 
of 1.45 g/L; a normal glucose level; and neg- 
ative cytology and cultures. Daily central 
nervous system IgG synthesis was in- 
creased up to 20 mg/d (normal, 0 to 3.5 mg/ 
d); the myelin basic protein level was ele- 
vated; and oligoclonal bands were present. 


Henry G. Raroque, Jr, MD; Raul N. Mandler, MD; Marc S. Griffey, MD; William W. Orrison, MD; Mario Kornfeld, MD 


Cranial MRI (1.5 T) demonstrated de- 
creased signal on T,-weighted images (rep- 
etition time, 600 milliseconds; echo time, 20 
milliseconds) and increased signal on in- 
termediate (repetition time, 2500 millisec- 
onds; echo time, 30 milliseconds) and T,- 
weighted images (repetition times, 2500 
milliseconds ; echo time, 80 milliseconds) in 
peripheral areas of the temporal, parietal, 
and occipital lobes bilaterally (Fig 1). The 
use of GD-DTPA on T,-weighted images 
revealed enhancement of smaller areas in 
the cerebral cortex, with a surrounding rim 
of decreased signal interpreted as edema 
(Fig 2). Also, there was a suggestion of en- 
hancement in the adjacent meningeal ar- 
eas. Spinal MRI (1.5 T) identified an area of 
increased signal mainly in the conus on T,- 
weighted images. The spinal GD-DTPA 
MRI on T,-weighted images revealed a 
smaller area of enhancement at the conus 
(Fig 3). 

The patient suffered another seizure, 
with residual aphasia and increased weak- 
ness. A brain biopsy of the largest lesion in 
the left temporal lobe was performed. Ma- 
lignant cells occluding several small blood 
vessels in both the cortex and subcortical 
white matter were found. Immunostaining 
showed the intraluminal cell aggregates to 
be positive for leukocyte common antigen, a 
marker for lymphocytes, and positive for 
B-cell markers LN1, LN2, and LN26. The 
histologic diagnosis was intravascular lym- 
phomatosis. Steroid therapy was started, 
and the patient received radiation treat- 
ment to the head and conus area. His apha- 
sia resolved and strength improved one 
grade. Magnetic resonance imaging with 
and without GD-DTPA (.064 T) 1 month 
later showed a smaller surrounding rim of 
decreased signal but no change in cortical 
enhancement on T,-weighted images. The 
ventricles were also larger and the sulci 
better defined, consistent with a decrease in 
edema. The patient remained unchanged 
and months later died. The circumstances 
regarding his death are unknown and no 
autopsy was performed. 


COMMENT 


Our patient presented with multifo- 
cal neurologic signs involving the ce- 
rebrum and spinal cord.> The differ- 
ential diagnoses included infectious 
or autoimmune vasculitides, multiple 
embolism, carcinomatosis, and leu- 
koencephalopathy. It was difficult to 
reach a clinical diagnosis owing to the 
rarity of the disease and to the absence 
of clear laboratory and radiologic 
markers. It was the biopsy that estab- 
lished the diagnosis. While previous 
reports suggested meningeal biopsy 
for antemortem diagnosis,”'? there 
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Fig 1.—Magnetic resonance imaging scan 
(repetition time, 2500 milliseconds; echo time, 
80 milliseconds) demonstrating areas of in- 
creased signal in peripheral areas of the cere- 
brum. 


have been no consistent confirming re- 
ports. In our patient, there was a sug- 
gestion of meningeal enhancement, 
but the presence of clearly defined le- 
sions by GD-DTPA MRI allowed a 
well-directed biopsy of cerebral tissue 
that was diagnostic. 

There still is controversy regarding 
the cellular origin of the malignant 
cells. While the consensus is in favor of 
a lymphocytic nature,**? it is not en- 
tirely clear what the final phenotypic 
characteristic is. The few immunologic 
investigations reported B-cell pheno- 
types, T-cell phenotypes, or the simul- 
taneous occurrence of both.***!? Our 
patient had increased central nervous 
system IgG synthesis, consistent with 
a B-cell population. This is further 
supported by the presence of B-cell 
markers LN1, LN2, and L26. 

Most reports of CT findings in neo- 
plastic angioendotheliomatosis re- 
vealed multiplesmall areas of hypoden- 
sity'*'*!° that were interpreted as in- 
farcts because of involvement of small 
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Fig 2.—Magnetic resonance imaging scan 
(repetition time, 600 milliseconds; echo time, 
20 milliseconds) with gadolinium-pentetic acid 
demonstrating areas of cortical enhancement 
with surrounding rim of decreased signal. 


vessels. It was unclear whether con- 
trast was used in these cases. Our pa- 
tient’s CT scan was not contrasted and 
showed similar findings. The noncon- 
trast cranial MRI scan only confirmed 
these CT findings. The noncontrast 
spinal MRI scan was uniquely useful in 
identifying the lesions not seen on CT 
scans or myelograms. This is signifi- 
cant, since the findings reported in all 
previous studies in which CT and my- 
elography were used, as in our case, 
have been negative. 

The use of GD-DTPA was helpful in 
clearly delineating the smaller areas 
of enhancement in both cranial and 
spinal MRI scans. As mentioned, this 
was of benefit in the selection of a bi- 
opsy site, and obviated the need for re- 
peating the arteriogram in our patient. 
The use of GD-DTPA on subsequent 
scans also allowed appreciation of the 
decreased surrounding hypointense 
rim and of the persistence of enhanced 
areas. This decrease in surrounding 
rim may represent lesser edema and 
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Fig 3.—Magnetic resonance imaging scan of 
spine (repetition time, 600 milliseconds; echo 
time, 20 milliseconds) with increased signal in- 
tensity in area of the conus. 


could explain the initial clinical im 

provement. The persistence of en- 
hanced areas, however, could also have 
indicated persistence of active lesions 
to which our patient finally suc- 
cumbed. This fact has relevance, since 
most reported cases showing transient 
improvement after treatment with 
steroids and radiotherapy were moni- 
tored with CT that exhibited resolu- 
tion of lesions before the patients 
died.'*!! The sensitivity afforded by 
MRI, especially with GD- DTPA, may 
be useful in following response to ther- 
apy, helping to identify persistent le 

sions and the need for additional ther 

apy that had been successful in cases o 

pure dermatologic involvement.” 

In conclusion, our case illustrate; 
the need for heightened awareness 01 
this rare neoplasm and supports it 
lymphocytic, B-cell origin. Magnetic 
resonance imaging with GD-DTPA ap- 
pears to be the modality of choice in 
characterizing and monitoring brain 
and spinal cord lesions. 
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___ Professional Opportunities 


CHARLOTTE, NORTH CAROLINA: High quality 
group of six neurologists, all of whom are subspe- 
cialized, seeks to add a well-trained neuroncologist. 
Contact: Mike Kaufman, MD, 126 Cottage Place, 
Charlotte, NC 28207; or call: (704) 334-7311. 


NEUROLOGIST — BE/BC to join thriving practice 
in suburban Pittsburgh. Excellent opportunity with 
two community hospitals. Comprehensive diagnos- 
tic laboratory facilities adjacent to main office. 
Interest in EMG/EEG desirable. Competitive salary, 
leading to partnership. Convenient to excellent 
schools and quality affordable housing. Contact: 
Kelly McMahon, Daniel Stern & Associates, 211 
North Whitfield Street, Suite 240, Pittsburgh, PA 
15206. (800) 438-2476. 








Professional Opportunities 


EXPANDING DYNAMIC neurology practice — 
BC/BE neurologist to join a busy, rapidly growing 
group neurology practice in Virginia suburbs of 
Washington, DC. Excellent opportunity for a com- 
passionate, personable, hard working person to join 
our comprehensive neurodiagnostic team. Subspe- 
cialty training, especially EEG, evoked potentials, 
EMG, or sleep disorders preferred. Teaching and 
faculty appointments available. Send CV to: D. 
Hope, Neurology Center of Fairfax, Ltd., 3020 
Hamaker Court, Fairfax, VA 22031. 





NEUROLOGIST: Excellent opportunity for board- 
certified/board-eligible neurologists to join two 
existing neurologists in a stimulating, busy practice. 
Marquette General Hospital is a 321-bed regional 
referral center, with a comprehensive neurophysi- 
ology department and state-of-the-art technology 
that includes magnetic resonance imaging and CT 
scanning, and a hospital-based family practice 
residency. Medical students from Michigan State 
University's College of Human Medicine are regu- 
larly assigned to the hospital and offer an opportuni- 
ty for teaching. Marquette General Hospital and its 
medical staff are committed to building a center of 
excellence in the neurosciences and have the 
necessary financial resources. The development of 
these services will require the leadership and co- 
operation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. Salaried and private practice posi- 
tions are available. If this special opportunity is of 
interest to you, please forward your curriculum vitae 
to: Daniel Mazzuchi, MD, Director of Physician Serv- 
ices, Marquette General Hospital, Suite 122, Wallace 
Building, 420 West Magnetic Street, Marquette, MI 
49855. 


ILLINOIS 


A board-certified/board-eligible neurologist 
needed to join an eight member Neuroscience 
Division in a 200+ private, multi-specialty group 
associated with the University of Illinois Col- 
lege of Medicine; clinic and adjacent 288-bed 
hospital. Offer full neurologic-radiologic sup- 
port including CT and MR scans; subspecialty 
interest welcomed. Liberal fringe benefits and 
early partnership; malpractice coverage pro- 
vided. Write including CV, to: 
Robert C. Parker, Jr., MD 
Assistant to the Chief Executive Officer - 


CARLE CLINIC ASSOCIATION 
Urbana, IL 61801 


ORLANDO AREA: Board-certified neurologist for 
office practice and comprehensive examinations 
only. No hospital, ER or surgery. No night or week- 
end work. Please send CV and date of availability to: 
120 Marcia Drive, Altamonte Springs, FL 32714. 


BC/BE NEUROLOGIST to join busy neurology 


practice in southeast Virginia, South Hampton 
Roads area, near Norfolk, Williamsburg and Outer 
Banks. University affiliation available. EMG training 
desirable. Competitive salary leading to partner- 
ship. Send CV to: R.B. Hansen, MD, 1900 North Main 
Street, Suffolk, VA 23434. 





NEUROLOGIST with EEG, EMG and evoked poten- 
tial experience for busy neurology office. Full-time 
position. Heavy Spanish, Oriental (Japanese, Chi- 
nese, Vietnamese and Korean) population. Los 
Angeles area. (213) 733-4891. 
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NEUROLOGIST — Midwest Great Lakes commun, 

ty near Chicago. Position for a clinical neurologis. 
preferably with subspecialty training in either stroke 
dementia or EEG to join another neurologist in a= 
established private practice. Excellent growt: 
potential. Early partnership. Outstanding opportu, 
nity. Box #804, c/o AON. 

















NEUROLOGIST 


The OCHSNER CLINIC of Baton Rouge 
seeks additional neurologists to expand its 
department in our large multi-specialty 
clinic there. Baton Rouge is a major cultur- 
al center, a regional medical referral site, 
and is home to the state's largest university ’ 
population. The practice offers an oppor- |! 
tunity to practice with physicians of supe- | 
rior training and ability in a setting which 
supports innovation and involvement in | 
education and research. Interested indi- 
viduals should forward their CV to: 
Medical Director 
Ochsner Clinic of Baton Rouge 
16777 Medical Center Drive 
Baton Rouge, LA 70816 


rs) t a i 





4 
BC/BE ADULT NEUROLOGIST, with expertise i 
EEG, wanted to join a BC adult neurologist in ; 
44-physician multi-specialty group in a southert 
Wisconsin college town. Please send CV to: J. 
Ruethling, Administrator, Beloit Clinic, S.C., 190! 
Huebbe Parkway, Beloit, WI 53511. Telephone | 
(608) 364-2200. Ee 


BUCKS COUNTY, PENNSYLVANIA — Position 
available in this beautiful, southeastern Pennsyl- 
vania location for a BE/BC neurologist to join two | 
young colleagues in a growing private practice. All 
diagnostic modalities locally available in this highly 
trained medical community, situated 30 minutes 
from Center City, Philadelphia and less than 90 
minutes from Manhattan. High salary/benefits with | 
potential for partnership. Reply: Box #807, c/o AON. 





KANSAS — Board-certified, board-eligible neuro! — 
ogist to join child neurologist in rebuilding a thre¢ 
person practice in the largest city in Kansas. Thre. 
large, well-equipped hospitals available for reside 
and undergraduate medical education. Locatec 
clean, progressive community described as 
franchise capital of the country. Competitive sai’ 
and benefits available. Send CV to: Richard 
Gilmartin, MD, 2620 East Central, Wichita, KS 67214 ji 
BC/BE NEUROLOGIST NEEDED — California. 
Excellent opportunity to establish your own private 
practice with no investment, guaranteed income. , 
Strong referral base. Proficiency in EEG/EMG ~ 
required. Well equipped, 112-bed, full-service hos- ` 
pital. Our service area population is now 90,000; a i 
growing area with new businesses and stable econ- — 
omy. Located in central California near Sequoia 
National Park, Tulare offers an excellent Selig 
oriented lifestyle and all expected amenities. Beauti 
ful homes close to hospital and office are affordabh 
priced. Good schools, many community enn | 
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and abundant recreation including golf, tennis 
mountain and equestrian activities. Easy access t 
all California's major metropolitan and resort areas | ý 
Please contact: Tulare District Hospital Physic#? eee 
Recruiting Office, P.O. Box 90112, Los Angeles, : 
90009. (800) 468-2687. | 
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| Professional Opportunities 


SOUTHEAST COAST — Pediatric neurologist 
needed for busy practice, currently with one pediat- 
ric and two adult neurologists with strong academic 
backgrounds. CT, EEG, EMG, and physical therapy 
available in office; consult practice in three hospi- 
tals. First year guarantee of $80,000 plus bonus, 
leading to full partnership after two years. Earnings 
potential, quality of life, availability of strong multi- 
specialty support are extraordinarily attractive. Reply 
to: Savannah Neurological Associates, P.C., P.O. 
Box 23059, Savannah, GA 31403. 


MINNEAPOLIS/ST. PAUL — Group Health, Inc. is 


~2eking a BC/BE neurologist that has a special 
iterest in adult care and expertise in EMG proce- 
ures. This position would join a group of four 
»eurologists that work in both inpatient and out- 
zatient settings. Group Health, Inc. is a staff model 
‘MO and one of the largest multi-specialty group 
‘actices in the midwest. A solid track record of 33 
years of quality care to our members make this a 
»remier organization to work for. All physicians are 
»ompensated with excellent salaries and generous 
benefits. Minneapolis/St. Paul are recognized as 
slean, wholesome communities and were recently 
touted by Savvy Magazine as the best cities in the 
country to raise a family. The communities provide 
excellent schools, countless cultural events, top- 
notch entertainment, numerous recreational activi- 
ties, and a myriad of lakes and parks. If you would 
like further information on this opportunity, please 
send curriculum vitae to: Group Health, Inc., Physi- 
cians Services, 2829 University Avenue Southeast, 
Minneapolis, MN 55414. (612) 623-8777. 


NEUROLOGIST — Texas gulf coast: Excellent op- 
portunity for a young energetic, neurologist to join 
this thriving practice. Competitive salary and bene- 
fits as well as early partnership. Please reply to: Box 
#810, c/o AON. 


PLEASE NOTE—Address replies to box number 
ads as follows: Box number, , C/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 





= Professional Opportunities 


NEUROLOGIST: BC/BE Neurologist to replace 
retiring partner in established four-person depart- 
ment associated with 97-physician multi-specialty 
clinic located in beautiful northwest Arkansas. Holt- 
Krock Clinic is the 33rd largest freestanding clinic in 
the nation, serving a patient base of 400,000 in 
Arkansas and Oklahoma. Full range of electrical 
studies offered with EEG, EMG, evoked response, 
and cervical vascular ultrasound procedures, We 
offer a guaranteed salary with full partnership in 2 to 
2⁄2 years, plus excellent fringe benefits. 680-bed 
hospital and new Rehab hospital two blocks from 
main clinic. For details regarding this opportunity, 
send letter and CV to: Mrs. Josephine Decker, 
Associate Administrator, Holt-Krock Clinic, 1500 
Dodson Avenue, Fort Smith, AR 72901. (501) 
782-2071. 


PEDIATRIC NEUROLOGIST: BC/BE pediatric 
neurologist to join established 97-physician multi- 
specialty clinic located in beautiful northwest 
Arkansas. Holt-Krock Clinic is the 33rd largest free- 
standing clinic in the nation, serving a patient base 
of 400,000 in Arkansas and Oklahoma. No other 
pediatric neurologist within 100-mile radius. We 
offer a guaranteed salary with full partnership in 2 to 

Ye years, plus excellent fringe benefits. 680-bed 
hospital and new Rehab hospital two blocks from 
main clinic. Must be willing to share call with adult 
neurologists, do testing consisting of EEG, EMG, 
evoked response, and cervical vascular ultrasound 
procedures. For details regarding this opportunity, 
send letter and CV to: Mrs. Josephine Decker, 
Associate Administrator, Holt-Krock Clinic, 1500 
Dodson Avenue, Fort Smith, AR 72901. (501) 
782-2071. 


BC/BE ADULT NEUROLOGIST, with expertise in 
EEG, wanted to join a BC adult neurologist in a 
44-physician multi-specialty group in a southern 
Wisconsin college town. Please send CV to: J.F. 
Ruethling, Administrator, Beloit Clinic, S.C., 1905 
Huebbe Parkway, Beloit, WI 53511. Telephone: 
(608) 364-2200. 


IMMEDIATE OPENING 
FORA 


GENERAL 
NEUROLOGIST 


Private practice opportunity avail- 
able immediately in east Tennessee 
with a well established neurologic 
practice. 


Candidate should be BE/BC with 


competence in EEG, EMG and 
evoked potentials. Compensation 
individually negotiable. Excellent 
benefits also included. There is a 
wide variety of recreational facilities 
also available in the area. 


Please submit CV to: 


EAST 
TENNESSEE 
NEUROLOGY 
CLINIC 


Suite 501 
Baptist Professional 
Building 
Knoxville, TN 37920 





The National Institute of Neurological Disorders and Stroke e National Institutes of Health e Public Health Service 


MEDICAL STAFF FELLOWSHIPS FOR JULY 1991 


Dr. Giovanni DiChiro 


at 


-sa > 


The Clinical Neurosciences Program of the National 
Institute of Neurological Disorders and Stroke, National 
Institutes of Health, Public Health Service, offers two 
year appointments as Clinical Associates to Board 
certified or eligible neurologists. Approximately ten 
positions are available each year. 


The training program is oriented toward developing 
Skills and credentials for a career in academic 
neurology: extensive educational activities are aimed at 
the fellowship level. Each fellowship focuses in depth 
on an area of Clinical or basic research relevant to 
neurological disease. 


Opportunities include: 


eClinical Neuropharmacology Dr. Ronald Polinsky 
eCognitive Neuropsychology Dr. Jordan Grafman 


eConsultation Neurology Dr. Barbara |. Karp 
eEEG Dr. Susumu Sato 
eEMG Dr. Roger Gilliatt 
eEpilepsy Dr. William Theodore 


eExtrapyramidal Disease and Dr. Thomas Chase 
Dementia 

eHuman Motor Control Dr. Mark Hallett 

eMetabolic Neurology Dr. Roscoe Brady 

eNeuroepidemiology Dr. Gustavo Roman 


eNeuroimaging 

eNeuroimmunology 

eNeuromuscular Disease 
and AIDS 


Dr. Dale McFarlin 
Dr. Marinos Dalakas 


As a Clinical Associate, you will receive an initial salary 
of $37,000 with an increment of $2,000 for the second 
year. Positions can be extended for up to seven years. 
Moving, travel expenditures and Federal health care 
benefits are available. Appointments are made into the 
Public Health Service or Civil Service. 


Applicants may write directly to the sponsor of the 
particular fellowship of interest. More detailed 
information is available from: 


Mark Hallett, M.D. 


Clinical Director, NINDS wht Ns», 
Building 10, Room 5N226 & oS 
National Institutes of Health < L S D 
9000 Rockville Pike a $ 
Bethesda, Maryland 20892 A HE INOS 


(301) 496-1561 


NINDS is an equal opportunity employer and invites 
applications from all qualified individuals. 
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~ Professional Opportunities 





HOLT Y KROCK CLINIC 
NEUROSURGEON 


BC/BE neurosurgeon to join 
established 95-physician multi- 
specialty clinic located in 
beautiful northwest Arkansas. 
Holt-Krock Clinic is the 33rd 
largest free-standing clinic in 
the nation serving a patient 
base of 400,000 in Arkansas 
and Oklahoma. 


We offer a relaxed, patient- 
oriented practice setting and a 
guaranteed salary with full 
partnership in two to two anda 


half years, plus excellent fringe 
benefits. 680-bed hospital and 
new rehabilitation hospital two 
blocks from main clinic. 


For details regarding this 
opportunity, send letter and 
CV to: 


Mrs. Josephine Decker 
Associate Administrator 


HOLT-KROCK CLINIC 
1500 Dodson Avenue 
Fort Smith, AR 72901 
(501) 782-2071 


NEUROLOGIST 


The Duluth Clinic, Ltd., a 160- 
physician, multi-specialty 
regional referral center in a 
metropolitan base of 125,000 
with a regional referral base of 
500,000 people, is seeking an 
additional board-certified/ 
-eligible neurologist, preferably 
with interest in EMG and evoked 
potentials. 


Currently the staff includes one 
child neurologist, five adult 
neurologists and three neuro- 
surgeons. State-of-the-art 
support services and equipment 
are in place. Ample outdoor 
recreational and cultural facili- 
ties are available. 


Please respond with complete 
curriculum vitae to: 


James G. Brueggemann, MD 
Medical Director 
The Duluth Clinic, Ltd. 
400 East Third Street 
Duluth, MN 55805 


‘te 
wea. 


An equal opportunity employer. 



































MASON CITY, IOWA: Progressive multi-specialty 
group looking for neurologist to join established 
practice. Small-town security within two hours of 
Minneapolis and Des Moines. MRI, CT, Sleep Lab, 
EEG, EMG, Neurosurgery, Cardiac Surgery, Ortho- 
pedic Surgery, Cancer Center, GI Lab, and ENT 
capabilities. Excellent salary and benefits. Submit 
CV to: Ralph A. Wolf, Administrator, 300 North 
Eisenhower Avenue, Mason City, IA 50401. (515) 
421-5446. 


SOUTHEAST COAST — A 190-bed regional medi- 


cal center is seeking a BC/BE neurologist to join in 
close association with their existing neurosurgeons. 
Exceptional medical facilities and neurological serv- 
ices including EEG/EMG, EP, CT, MRI. Excellent 
income guarantee plus benefits — large drawing 
area provides for outstanding potential. Located 90 
minutes from one of this country's premiere seaside 
resorts, this dynamic community offers a quality 
lifestyle. Call: Mark Prosperi at (800) 776-5776 for 
more details. Or send CV to: Cejka & Co., 1034 
South Brentwood Boulevard, St. Louis, MO 63117. 


NEUROLOGIST — Neurologist with particular 
interest in EMG and nerve conduction studies to join 
neurology section of a 25-physician internal medi- 
cine group practice. Full testing facilities available 
both in the clinical office and at the teaching hospi- 
tal. Growing area of coastal North Carolina, 250,000 
referral area. Excellent industrial base, 7,500-student 
university Campus, year round sailing, golfing, ten- 
nis, fishing, and other recreational opportunities. 
500-bed tertiary care hospital, internal medicine 
residency program, academic affiliation with UNC- 
Chapel Hill. Full benefit package, competitive salary. 
CV to: Daniel Gottovi, MD, Wilmington Health 
Associates, P.A., 1202 Medica! Center Drive, Wil- 
mington, NC 28401 





Positions Available 


ADULT NEUROLOGIST, BC/BE to join a well 
established, growing, solo practice with outside 
neurological coverage in the Akron, Ohio area. 
Teaching, laboratory and clinical practice activities. 
The very latest of facilities available at teaching hos- 
pitals. Partnership anticipated. Salary and benefits 
competitive. A good sense of humor required. This 
is a wonderful opportunity for the right person. 
Please send CV to: Box #811, c/o AON. 





CLINICAL NEUROPHYSIOLOGY Fellowship — Two, 
1-2 year fellowship positions available July 1991. 
Training involves extensive experience in interpreta- 
tion of adult and pediatric EEGs, ambulatory cassette 
recordings and long term video monitoring. All 
modalities of clinical evoked potentials (VEP, ERG, 
BAEP, SSEP) and intra-operative monitoring and 
brain mapping of EEG and evoked potentials per- 
formed. Human and animal research opportunities 
available in on-site magnetoencephalography labora- 
tory where several projects under way. The fellow- 
ship year may be combined with six month rotation 
in EMG laboratory where extensive experience 
gained in conventional EMG, single fiber and quan- 
titative EMG studies. Fellows may attend outpatient 
epilepsy and neuromuscular clinics during respec- 
tive EEG and EMG rotations. Send CV and three 
reference letters to: B.K. Ahmad, MD, or Gregory L. 
Barkley, MD, Division of Clinical Neurophysiology, 
Department of Neurology, Henry Ford Hospital, 
2799 West Grand Boulevard, Detroit, MI 48202. Or 
call: (313) 876-3822 or (313) 876-3922. 


ACADEMIC NEUROLOGIST with special expertise 
and training in clinical neuromuscular diseases to 
head neuromuscular division. State-of-the-art histo- 
chemistry laboratory with EM capability, multi- 
disciplinary ALS clinic and specialty MG and neuro- 
muscular clinics are well established. Research 
opportunities on-site in muscle NMR spectroscopy 
and magnetomyography. Intramural support avail- 
able for research program development. Participa- 
tion in education of neurology residents and neuro- 
muscular fellows is expected. Send CV and three 
supporting letters to: B.K. Anmad, MD, Department 
of Neurology, Henry Ford Hospital, 2799 West Grand 
Boulevard, Detroit, MI 48202. Or call: (313) 876-3822. 





Faculty Positions  ć 




























_ Positions Available  * 


EMG/NEUROMUSCLUAR FELLOWSHIP - — Tw 
one-year fellowship positions in EMG and neuro- 
muscular diseases available July 1991. Trainine 
involves extensive experience in clinical EMG as well 
as exposure to single fiber and other computer tech- 
niques in EMG. Participation in neuromuscular spe- 
cialty clinics and interpretation of muscle and nerve 
histochemistry and electron microscopy is an inte: 
gral part of the fellowship. There is opportunity for 
basic research in muscle NMR spectroscopy and 
participation in various clinical research projects. 
Please send curriculum vitae and three letters o 
recommendation to: B.K. Ahmad, MD, Departm 
of Neurology, Henry Ford Hospital, 2799 West Grand 
Boulevard, Detroit, MI 48202. (313) 876-3822. 


Positions Wanted 


a 


COMPHEALTH PROVIDES the finest locum tenens 
(temporary physician staffing) service nationwide 
Each CompHealth neurologist is carefully screene 
and referenced ensuring you competent, reliabig 
coverage. Have your practice covered or join us anc 
cover other practices. Call CompHealth, the nation’s: 
oldest and largest supplier of temporary physicia 
staffing services at: (800) 328-3037 toll-free. In Utah: 
(801) 264-6400. Or write: 4021 South 700 East, Salt 
Lake City, Utah 84107. 


d 
? 


aot 


ASSISTANT PROFESSOR of Neurology. Work in - 
epilepsy subspecialty as member of comprehensive 
epilepsy center. Duties are teaching and research- ` 
oriented. Will deliver lectures and individual instruc- 
tion in the diagnosis and treatment of epilepsy ta’ 
medical students and residents, as well as specia 
post-graduate instruction in epilepsy to neurolog 
gists on occasion. Research will be centered of 
epilepsy field, especially juvenile myoclonic eps 
lepsy. Will require study of case records and daté 
from previous and current patients. Participate in 
double-blind studies of investigational anti-epilepti 
drugs and devices. Perform research related to 
relapse or seizure breakthrough in previously con-: 
trolled patients. Consult with seizure patients with 
specific disorder and educate them on their dis- 
order. MD (neurologist), licensed or eligible for 
licensure in North Carolina, with ongoing practice in 
the study and treatment of epilepsy, especially juve- 
nile myoclonic epilepsy required. Apply to: J. Kiffin 4 
Penry, MD, Bowman Gray/Baptist Hospital Medical 
Center, 300 South Hawthorne Road, Winston-Salem, 
NC 27103. 










NEURO-OPHTHALMOLOGY 


Michigan State University is conducting a 
search for a second neuro-ophthalmologist 
(Assistant Professor, full-time/full-year, tem- 
porary). Research experience, a strong interest 

in teaching and documented expertise in patient ` 
care is essential. The candidate must be BE/BC 

in ophthalmology or neurology with formal | 
neuro-ophthalmology fellowship training. 
Salary will be commensurate with experience. 4 
Send CV or contact: Y 


David I. Kaufman, D.O. “ie 
B309 W. Fee Hall 

Michigan State University i 
East Lansing, MI 48824 

(517) 353-3211 






MICHIGAN STATE UNIVERSITY 
MSU is an affirmative action/equai opportunity institution. 


THE DEPARTMENT OF NEUROLOGY of Loyola 
University Chicago Stritch School of Medicine 
invites applications for a position at the assistant 
professor level. Applicants should be board-eligible 
or board-certified in neurology and should have f 
subspecialty expertise in clinical neurophysiology. |’ 
Preference will be given to candidates with interest . 
in clinical research. Loyola University Chicagoisan — 
equal opportunity/affirmative action employer. Inter- 
ested applicants should send their curriculum vitae, . 
to: Gastone G. Celesia, MD, Chairman, Department. 
of Neurology, Loyola University Chicago, 2160 
South First Avenue, Chicago, IL 60153. | 


- 


po Faculty Positions 


POLYSOMNOGRAPHER — To establish a sleep 
| laboratory in conjunction with an existing Epilepsy 
į Monitoring Unit at the Medical College of Ohio. This 

is a faculty position with rank depending on qualifi- 

cations. Send a curriculum vitae and the names of 
three references to: Dr. Richard W. Homan, Profes- 
| sor and Chairman, Department of Neurology, Medi- 
cal College of Ohio, P.O. Box 10008, Toledo, Ohio 
43699-0008. Medical College of Ohio is an equal 
portunity M/N employer and educator. 


HE DEPARTMENT OF NEUROLOGY of Loyola 
University Chicago Stritch School of Medicine 
invites applications for a position at the assistant 
professor level. Applicants should be board-eligible 
board-certified in neurology and should have 
bspecialty expertise in movement disorders and/or 
pilepsy. Preference will be given to candidates with 
terest in clinical research. Loyola University Chi- 
ago is an equal opportunity/affirmative action 
bmployer. Interested applicants should send their 
urriculum vitae to: Gastone G. Celesia, MD, 
hairman, Department of Neurology, Loyola Uni- 
ersity Chicago, 2160 South First Avenue, Chicago, 
L 60153. 






















Fellowships 


OVEMENT DISORDER FELLOWSHIP. Applicant 

ust have completed residency training in neurol- 
logy. Primary focus is on the evaluation and treat- 
ment of Parkinson's disease and other movement 
disorders. Applicant will also participate in clinica! 
drug trials as well as ongoing research projects in 
magnetic resonance imaging and neurotransplanta- 
tion. For more information, contact: C.W. Olanow, 
MD, Department of Neurology, University of South 
Florida, 33606. (813) 253-4455. 


ELLOWSHIP IN DIAGNOSTIC and experimental 

europathology. The Neuropathology Laboratory 
at The Johns Hopkins University School of Medi- 
cine has fellowship positions available as of July 1, 
1990. Qualifications include an MD degree and a 
background in clinical neurosciences or pathology. 
Applicants should send resumes and letters of 
recommendation to: Donald L. Price, MD, Neuro- 
pathology Laboratory, The Johns Hopkins Univer- 
sity Schoo! of Medicine, 509 Pathology Building, 
600 North Wolfe Street, Baltimore, MD 21205-2187. 
Affirmative action/equal opportunity employer 
Because of funding requirements, applicants limited 

į to US citizens/permanent residents. 


FELLOWSHIP IN ALZHEIMER'S disease/Parkin- 
*son's disease for July 1991. One- to two-years 
clinical and research training with emphasis on neu- 
ropharmacology, neuropsychology, neuroimaging 
tand neuropathology. Prior research experience 
m™ desirable. Contact: J.H. Growdon, MD, Department 
of Neurology, ACC 830, Massachusetts General 
Hospital, Boston, MA 02114. 


Miscellaneous 


SECOND DARTMOUTH International Conference 

on Epilepsy and The Corpus Callosum, Hanover, 

New Hampshire, August 13-17, 1991. Contact: Pro- 

' fessor Alexander G. Reeves, Section of Neurology, 

Dartmouth-Hitchcock Medical Center, Hanover, NH 

| 03756. FAX: (603) 646-8756. Telephone: (603) 
646-7916. 








FOR SALE OR ASSUME LEASE 


BIOLOGIC Ill 


21 channel Brain Mapping and Evoked 
Potentials. Lease terminates October 


1992, $1.00 buyout. Call: 


(503) 635-1111 
for further information. 





PLEASE NOTE— Address replies to box number 
| ads as follows: Box number, ———, c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 








Fellowships 


TWO CEREBROVASCULAR Disease Fellowships 
are available, one or two years, beginning July 1, 
1990, in the Department of Neurology, Henry Ford 
Hospital. These fellowships offer comprehensive 
training programs in pathophysiology, diagnosis 
and management of cerebrovascular disorders, 
including migraine, within an NIH funded center for 
cerebrovascular disease research. A Javits Junior 
Clinical Investigator Fellowship is available to one 
competitive candidate. The department evaluates 
almost 600 patients with cerebrovascular disease 
yearly, has a stroke and migraine clinic, and a Clini- 
cal/clinical research, four-bed acute stroke unit. 
Clinical and basic science research opportunities 
available in: in-vivo NMR spectroscopy of human 
and animal cerebral ischemia, 133-Xenon inhalation 
regional cerebral blood flow, non-invasive carotid 
dopplers, transcranial doppler, platelet function 
laboratory, HFH stroke center data bank, and exper- 
imental drug studies in stroke and migraine. Appli- 
cants should have completed an accredited neurology 
residency and be board-eligible/-certified. Salary 
commensurate with experience. Please send letter 
of inquiry to: K. M. A. Welch, MD, Chairman, or 
Steven R. Levine, MD, Director, Center for Stroke 
Research, Department of Neurology, Henry Ford 
Hospital, 2799 West Grand Boulevard, Detroit, MI 
48202-2689. Telephone: (313) 876-3396. 


NEUROMUSCULAR FELLOWSHIP — Training 
EMG Neuromuscular Fellowship, available July 1, 
1990 at the University of Maryland Hospital, Balti- 
more, Maryland. One year training and experience 
in clinical electromyography and neuromuscular 
disease. Experience includes diagnosis and man- 
agement of patients with neuromuscular dysfunc- 
tion and interpretation of muscle and nerve biop- 
sies. Opportunity to utilize these techniques in 
clinical research. Neurology training required. Send 
application with three letters of recommendation to: 
Dr. Richard F. Mayer, Department of Neurology, 
Room N4W46, University of Maryland Hospital, 22 
South Greene Street, Baltimore, MD 21201. Or call: 
(301) 328-6689. 


Neurobehavior 
Fellowship 


Emory University School of Medicine 
invites applications for a one- or two- 
year fellowship in behavioral neurology, 
beginning on or after July 1, 1991. The 
fellowship will offer exposure to the 
neurology and neuropsychology of 
dementia, stroke, head injury, temporal 
lobe epilepsy, movement disorders, and 
atypical psychiatric disorders. 


The fellow will be encouraged to inten- 
sively participate in one of the research 
activities of the program. Current clini- 
cal research includes drug trials for 


Alzheimer’s disease, cognitive evoked 
potentials in aging and stroke, and the 
behavioral problems associated with 
temporal lobe epilepsy. Current basic 
research involves cellular neuroanat- 
omy and neurophysiology relating to 
neuronal injury. 


Please send letter of inquiry and CV to: 


Robert C. Green, MD 
Neurobehavioral Program 


EMORY UNIVERSITY 
DEPARTMENT OF NEUROLOGY 
Wesley Woods Center 

1821 Clifton Road, NE 

Atlanta, GA 30329 

Telephone: (404) 728-6682 


An equal opportunity employer. 





We Target The Physician 
You Want! 


Send us your advertising order today. Just complete the coupon below and attach 
your typewritten copy. The next available issue is October which closes August 25th. 


The classified rate is $ .95 per word for one issue. For three issues or more, the rate is 
$ .85 per word per issue. Minimum classified ad is 20 words. 


Please insert my ad 
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MIDAS REX Institu 
WEST PALM BEACH (Ð) Manos-Siwonstors: 
529 25th Street 
“Modern Dissection Techniques of Bone, Biometals, Bloceramics, and Bloplastics” 





WORKSHOPS: The workshops are held each day from 7:00 a.m. to 1:00 p.m. They emphasize a series of structured 
exercises, utilizing appropriate animal bones, skeletal bones, bioplastics, and blometals. 


NEUROSURGEONS, PLASTIC, CRANIOFACIAL, MAXILLOFACIAL, and OTOLARYNGOLOGICAL SURGEONS 
Hae abe i cata skills for bonework of the head and spine, including attention to bioplastics and biometals as 
app : 


OR PERSONNEL (ORP 700)—dissection skills to become familiar with the applications of power instrumentation; 
and participation in problem solving, care and proper maintenance of power sca: pment. 4 ; 


Neuro 700 ORP 700 
SEPTEMBER 5-6-7 « 20-21-22 For OR Personnel only: 
OCTOBER 1-2-3 + 11-12-13 » 25-26-27 SEPTEMBER 17-18-19 
NOVEMBER 5-6-7 + 15-16-17 DECEMBER 6-7-8 


DECEMBER 3-4-5 « 13-14-15 


ENROLLMENT: Fee (US$): Surgeon $965.00; 
Fellow/Resident $585.00 (with letter from Department Head); 
All Operating Room Personnel (RN/CST/PA/Other) $250.00. 


Make check to: "Palm Beach Symposium.” Mail to: Midas Rex Institute, 2929 
Street, Fort Worth TX 76111. “ine 800-433-7639 or 817-831-2604. Bye 
“Enrolimentis limited. Please call to reserve space before sending check or arranging 


travel plans. All enrollments are made through the Mi 
wait lees g Ə as Rex office in 


Join the more than 8,500 enrollees who have completed MIDAS REX® Hands-On Workshops 


INDEX TO ADVERTISERS 
American Electroencephalographic Society .........c.css0-+. 844 Milos F hatman CAND aeiio a Paceasavccodssieks 880A -B 
Anesthesiology Alumni Association ..........cccccssccsssscesessesesees 917 ; 
; PRES IIIIG sosina lhe Cover 3-Cover 4 

UI LIMO a chides ceseccicrtcoceseascosdecascicboscee 896A-B, 897-898 

à : Sandoz Pharmaceuticals .............s:sscssessssssseeees 836-839, 845-846. 
Rpm EMU TIACOUTICAIG sos ..i:<.csiuccsscssecssoecscscsevsectvene cesdevess 904A-B 3 : 
Genica Pharmaceutical Corporation ............................... 997 Somerset Pharmaceuticals .........ccccccsscssssessseseeseseees Cover 2-826 


A AEA D I e A REE RE OSEE EA A 840A -D TRUA COOTAD sijos 832, 931 
Midas Rex Institute ........000000000000... 833, 835, 840, 844, 899, 909, Wayne State University -s.es e ae A E 909 
917, 928, 936 Wyeth-Ayerst Laboratories ........se..s.ssososoesesessosresosoreseesss 829-830 


While every precaution is taken to ensure accuracy, we cannot guarantee against the possibility of an 
occasional change or omision in the preparation of this index. 


‘antin® KAPSEALS® (Extended Phenytoin Sodium Capsules, USP) 
ore prescribing, please see full prescribing information. A Brief Summary follows. 


DICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand 
al) and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
yf Seizures occurring during or following neurosurgery. 
 Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see 
Ppsage and Administration and Clinical Pharmacology). 7 
“DNTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 
phenytoin or other hydantoins. 

RNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 




































/epticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 

fi, Or substitution of alternative antiepileptic medication arises, this should be done gradually. 

| wever, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
| tapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 

nging to the hydantoin chemical class. . 
here have been a number of reports suggesting a relationship between phenytoin and the 

“slopment of lymphadenopathy (local or generalized) including benign lymph node 
‘erolasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 

s onship has not been established, the occurrence of lymphadenopathy indicates the need 

e erentiate such a condition from other types of lymph node pathology. Lymph node 

inement may occur with or without symptoms and signs resembling serum sickness, eg, 

rash and liver involvement. 

_ all cases of lymphadenopathy, follow-up observation for an extended period is indicated and 

œ effort should be made to achieve seizure control using alternative antiepileptic drugs. 

¢ ste alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 

ease serum levels. 

view of isolated reports associating phenytoin with exacerbation of porphyria, caution should 

2yercised in using this medication in patients suffering from this disease. 
ge in Pregnancy: A number of reports suggests an association between the use of 

epileptic drugs by women with epilepsy and a higher incidence of birth defects in children born 
| “ese women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
‘Also the most commonly prescribec antiepileptic 

_¥s; less systematic or anecdotal reports suggest a 

51 le similar association with the use of all known 

epileptic drugs. 

ħe reports suggesting a higher incidence of birth 

ects in children of drug-treated epileptic women 

not be regarded as adequate to prove a definite 
se and effect relationship. There are intrinsic 
hodological problems in obtaining adequate data 
1 ug teratogenicity in humans; genetic factors or 

‘epileptic condition itself may be more important 

) drug therapy in leading to birth defects. The great 

ority of mothers on antiepileptic medication deliver 

‘mal infants. It is important to note that antiepileptic drugs should not be discontinued in 

ents in whom the drug is administered to prevent major seizures, because of the strong 
ibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 

es where the severity and frequency of the seizure disorder are such that the removal of 
ication does not pose a serious threat to the patient, discontinuation of the drug may be 
sidered prior to and during pregnancy, although it cannot be said with any confidence that 

n minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
ician will wish to weigh these considerations in treating or counseling epileptic women of 

dbearing potential. 
n addition to the reports of increased incidence of congenital malformation, such as cleft 
palate and heart malformations, in children of women receiving phenytoin and other antiepileptic 
gs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
wth deficiency, microcephaly and mental deficiency in children born to mothers who have 
ived phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
rrelated and are frequently associated with intrauterine growth retardation from other causes. 
here have been isolated reports of malignancies, including neuroblastoma, in children whose 
ers received phenytoin during pregnancy. 

increase in seizure frequency during pregnancy occurs ina high proportion of patients, 

ause of altered phenytoin absorption or metabolism. Periodic measurement of serum 

nytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 

de to an appropriate adjustment of dosage. However, postpartum restoration of the original 
age will probably be indicated. 

‘eonatal coagulation defects have been reported within the first 24 hours in babies born to 

_ Zotic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 

-orrect this defect and has been recommended to be given to the mother before delivery and 

1e neonate after birth. 

ECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients 

impaired liver function, elderly patients, or those who are gravely ill may show early signs 

oxicity. 
‘ small percentage of individuals who have been treated with phenytoin has been shown to 
etabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 

f iaduction; it appears to be genetically determined. 

F'henytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
continuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
nson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 

umed and alternative therapy should be considered. (See Adverse Reactions.) If the rash is 
milder type (measies-like or scarlatiniform), therapy may be resumed after the rash has 

npletely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
dication is contraindicated. 

henytoin and other hydantoins are contraindicated in patients who have experienced 

nytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 

, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same 

ients. 

jyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 

Orted. Phenytoin may also raise the serum glucose level in diabetic patients. 

Steomalacia has been associated with phenytoin therapy and is considered to be due to 

nytoin’s interference with Vitamin D metabolism. 

henytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. 

ropriate diagnostic procedures should be performed as indicated. 

enytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and 

nce (petit mal) seizures are present, combined drug therapy is needed. 

erum levels of phenytoin sustained above the optima! range may produce confusional states 
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referred to as “delirium,” “psychosis,” or “encephalopathy” or rarely irreversible cerebellar 
dysfunction. Accordingly, at the first sign of acute toxicity, plasma levels are recommended. Dose 
reduction of phenytoin therapy is indicated if plasma levels are excessive; if symptoms persist, 
termination is recommended. (See Warnings.) 

Information for Patients: Patients taking phenytoin should be advised of the importance of 
adhering strictly to the prescribed dosage regimen, and of informing the physician of any clinical 
condition in which it is not possible to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first 
seeking the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels or 
which phenytoin may affect. Serum level determinations for phenytoin are especially helpful 
when possible drug interactions are suspected. The most commonly occurring drug interactions 
are listed below: 1. Drugs which may increase phenytoin serum levels include: acute alcohol 
intake, amiodarone, chloramphenicol, chlordiazepoxide, diazepam, dicumarol, disulfiram, 
estrogens, H2-antagonists, halothane, isoniazid, methylphenidate, phenothiazines, 
phenylbutazone, salicylates, succinimides, sulfonamides, tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium ions 
which interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid 
preparations containing calcium should be staggered in patients with low serum phenytoin levels 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, 
sodium valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic 
acid, and sodium valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in 
Susceptible patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin 
include: corticosteroids, coumarin anticoagulants, 
digitoxin, doxycycline, estrogens, furosemide, oral 
contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin may 
Cause decreased serum levels of protein-bound iodine 
(PBI). It may also produce lower than normal values for 
dexamethasone or metyrapone tests. Phenytoin may 
Cause increased serum levels of glucose, alkaline phos- 
phatase, and gamma glutamyl transpeptidase (GGT). 
Carcinogenesis: See “Warnings” section for informa- 
tion on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women taking this drug because 
phenytoin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered 
with phenytoin therapy are referable to this system and are usually dose-related. These include 
nystagmus, ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, 
insomnia, transient nervousness, motor twitchings, and headaches have also been observed. There 
have also been rare reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor 
and asterixis, similar to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has beén observed in patients receiving 

long-term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
Integumentary System: Dermatological manifestations sometimes accompanied by fever have 
included scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) is the most 
common; other types of dermatitis are seen more rarely. Other more serious forms which may 
be fatal have included bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens- 
Johnson syndrome, and toxic epidermal necrolysis (see Precautions). 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been reported 
in association with administration of phenytoin. These have included thrombocytopenia, leuko- 
penia, granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow sup- 
pression. While macrocytosis and megaloblastic anemia have occurred, these conditions usually 
respond to folic acid therapy. Lymphadenopathy including benign lymph node hyperplasia, pseu- 
dolymphoma, lymphoma, and Hodgkin's Disease have been reported (see Warnings). 
Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis, and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, symptoms 
such as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemic 
lupus erythematosus, immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estimated 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs are 
tremor, nyperreflexia, lethargy, slurred speech, nausea, vomiting. The patient may become 
comatose and hypotensive. Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where 
toxicity may occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 
mcg/mL, dysarthria and lethargy appear when the plasma concentration is over 40 mcg/mL, but 
as high a concentration as 50 mcg/mL has been reported without evidence of toxicity. As much 
as 25 times the therapeutic dose has been taken to result in a serum concentration over 100 
mcg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and 
appropriate supportive measures employed. Hemodialysis can be considered since phenytoin 
is not completely bound to plasma proteins. Total exchange transfusion has been used in the 
treatment of severe intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should be 
borne in mind. 


Caution — Federal law prohibits dispensing without prescription. 03626028 
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As rare as a seizure on’ 
Dilantin eiteric: phenytoin sodium capsules, USP) 100 ng 


“Once in a blue moon” describes the phenomenon in which 
the moon appears as a brilliant blue. Seen worldwide following 
the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5 ym in 
diameter, form in abundance—an exceedingly rare event? 
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For as many as 86% of patients 
zures occur only once in a bltie nen 
if at all—once Dilantin monotherapy 
is under way: 


That fact holds true for partial, 
complex partial, generalized tonic», 
clonic seizures, and status epilepticus, 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 ug/mL),? often with 
once-daily therapy (Dilantin? Kapseals*), 
which enharices compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 
of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 


Dilantin 
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